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POETIAND CEMENT MATERIAIS AND INDUSTRY 
OF THE UNITED STATES. 



By Gdwiw C. Ecebl, with coDtributiona by Ebnest F. Bubchard 
and others. 



INTRODUCTION. 

This report has been prepared in order to give information desired 
by two classes of persons — owners of lands on which marl, limestone, 
or clay deposits are foimd, and cement manufacturers or those who 
desire to become such. For the benefit of those of the first class, 
who wish to know whether a given material is suitaHe for Portland 
cement manufacture, the writer has attempted, in Parts I and 11 
of the report (pp. 16-66), to describe the chemical and physical prop- 
erties which a Portland cement material must have, and above all to 
show that the value of cement material depends almost entirely upon 
its location with respect to fuel supply, transportation routes, and 
markets. For cement manufacturers, present and prospective, who 
want to know at what localities in a given State or group of States 
cement materials will probably be found and who desire information 
in advance of actual testing as to the physical and chemical character 
of the materials, Part III (pp. 67 et seq.), dealing with the cement 
resources of the separate States, has been prepared. 

The report is intended to be a discussion of the Portland cement 
materials of the United States, not a manual of cement manufacture 
nor a guide to cement testing or utilization. A brief sketch of the 
general status of the Portland cement industry is, however, presented 
in Part I, in order to make the subject clear to the great number of 
people who are interested, in one way or another, in the condition 
and growth of this important branch of manufacture. 

It is with pleasure that the' writer acknowledges indebtednetis to 
the manners and chemists of the numerous Portland cement plants 
throughout the United States. Most of these plants, with their 
quarries or mines, have been personally examined by the writer, 
and at every one of them all possible facilities have been afforded 
for making a thorough examination. For obvious business reasons 
some of the information obtained in this manner can be stated only 
in a general way, but permission to publish most of it has been 
freely given. The chapters which have been contributed mainly by 
other geolc^sts are credited directly to them in both text and table 
of contents. Special acknowledgment is due to Mr. E. F. Burchard, 
who has revised statistics and bibliographies, in addition to preparing 
the sections directly credited to him. 16 
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PAET I. THE PORTLAND -CEMENT INDUSTRY IN QENERAX.. 

CIiASSIFICATION OF CEMENTS. 

The relations of the various cementing materials ' used in modem 
structural work may be concisely expressed as follows: 



Nonbydroulic cements. 



f Plaster of PariH, cement plaster, Keeae'icemeiit, etc. 
I Common lime. 

IHydiuiIic lime. 
Natunl cements. 
Portland cementa, 
Piuaolan cement. 

NOHHYSBAITIJC CEKBNTa. 

Nonhydraulic cementa do not have the property of "setting" or 
hardening under water. Th^ are made by burning, at a compara- 
tively low tempwature, either gypsum or pure limestone. The 
products obtained by burning gypsum are nuttketed as "plaster of 
Paris," "cement plaster," "Keene's cement," and so forth, according 
to the process of manufacture. The product of burning limestone ia 
common lime. The plasters tmd hmes will not be further discussed 
in the present bulletin. 

HTDBAUUO CBKBNTB. 

Hydraulic cements are those which set when used under water. 
This property, which is due to the formation during manufacture of 
compounds of lime with sihca, alumina, and iron oxide is possessed in 
very different degree by different cements. 

HTBBAULIC LIUES. 

Hydraulic limee are produced by burning, at comparatively low 
temperatures, a natural siUceous limestone which cfmies so much 
lime carbonate in proportion to its silica and alumina that the 
burned product will contain considerable free lime in addition to the 
sihcates and aluminates that have been formed. In consequence of 
the free lime the burned mass will slake, but in consequence of the 
silicates and aluminates it will slake slowly and will have hydraulic 
properties. Hydraulic limes are thus intermediate between cements 
and true limes. They do not fall within the scope of this bulletin. 

NATUBAL CEHENT8. 

Natural cements are produced by burning a naturally impure lime- 
stone, containing from 15 to 40 per cent of silica, alumina, and iron 

> Eckel, B. C., Cements, Umw, and plutan: Theli iDBMclits, munilKtaie, Hnd pmpwtlai, igoe. 
18 
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CLASSIFICATION OF CBHBMTS. 17 

oxide, at a comparatiTely low temperature, about that of ordinary 
lime burning. The operation can be carried on in a kiln closely re- 
sembling an ordinaiy limekiln. During the burning the carbon 
dioxide of the limestone is almost entirely driven off, and the lime 
combines with the silica, alumina, and iron oxide, forming a maae 
containing silicates, aluminatee, and ferrites of lime. If the original 
limestone contained much magnesium carbonate the burned rock will 
contain a corresponding amount of magnesia. 

The burned mass will not slake if water be added. It is necessary, 
therefore, to grind it rather fine. After grinding, if the resulting 
powder (natural cement) be mixed with water it will harden rapidly. 
This hardraiiog or setting will also take place either in ur or under 
water. Natural cements therefore differ from ordinary limes in two 
noticeable ways: 

(1) The burned mass does not slake on the addition of water. 

(2) The powder has hydraulic properties — that is, if properiy pre- 
pared, it will set under water. 

PORTLAND CBHENT. 

Portland cement is produced by burning a finely ground artificial 
mixture containing essentially lime, silica, alumina, and iron oxide 
in certain definite proportions. Usually this combination is made 
by mixing limesttme or marl with clay or shale in such proportion 
that the mixture will contain about three parts of lime carbonate to 
one part of clayey materials. The mixture is burned at a hi^ tem- 
perature, approaching 3,000° F., in kilns of special design and lining. 
During the burning, the lime combines with the silica, alumina, and 
iron oxide, forming a semifused mass called "clinker," which con- 
sists of nlicates, aluminates, and ferrites of lime in certain fairly 
definite proportions. This clinker must be finely ground and the 
resulting powder (Portland cement) will set under water. 

Portland cements differ from natural cranents in the following 
important particulars: 

(1) Natural cements are not made from carefully prepared and 
finely ground artificial mixtures but from natural rock. 

(2) Natural cements are burned at a lower temperature than 
Portland cement, the mass in the kiln never being heated hi^ enough 
to even approach the fusing or clinkering point. 

(3) Natural cements, after burning and grinding, are, as a rule, 
yellow to brown in color and light in wei^t, having a specific gravity 
of 2.7 to 3.1, whereas Portland cement is commonly blue to gray in 
f^olor and heavier, its specific gravity ranging from 3 to 3.2. 

(4) Natural cements set more rapidly than Portland cement but 
do not attain so high tensile strength. 

WSM"— Bull. 5?J-13 2 
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18 PORTLAND CEMENT ICATERIALS OF UNITED STATES. 

(5) Portland cement is a definite product, its percentages of lime 
silica, alumina, and iron oxide varjing only between narrow limits, 
whereas brands of natural cements differ greatly in composition. 

PUZZOLAN CEMENT. 

Fuzzolan cements are made by mixing powdered slaked lime with 
either a Tolcanic ash or a blast-furnace slag. The product is simply 
a mechanical mixture of two ingredients, as the mixture is not burned 
at any stage of the process. After mixing, the mixture is finely 
ground. The resulting powder (puzzolan cement)) will set under 
water. 

Puzzolan cements are usually light bluish, and are of lower specific 
gravity and less tensile strength than Portland cement. Thej are 
better adapted to use under water than in air. 

PREDECESSORS OP PORTI.AND CEMENT. 

Although the Portland cement industry has now att^ed great 
importance, it is leas than a century old and its period of rapid growth 
did not really begin until within the last quarter century. The 
industry is therefore very young compared with the manufacture of 
iron, for example. During earlier periods of the world's history, 
however, other cements were used in much the same fashion that 
Portland cement is used to-day, and before taking up Portland cement 
itself it may be of interest to sketch briefly the history of early 
cement maldng and the character of the materials used. 
ANOIBHT FTTZZOLAN OBIEBNTS. 

There does not seem to be the slightest evidence that hydraulic 
cements approaching the Portland type were ever used by Egyptians, 
Greeks, or Romans in their structural works. The earliest cement- 
ing materials of which there is any record were ordinary limes and 
plasters much like those used to-day. The Romans were acquainted 
with pozzuolana, a volcanic ash that is found abundantly in the 
vidnity of Naples, which when powdered and mixed with black 
lime possesses distinct hydraulic properties and gives results approx- 
imating those of the modem hydrauUc cements. Cements of this 
type were used in many of the early engineering works of Rome. 
Puzzolan cements are still made, but the best-known representative 
of the group is not made from volcanic ash but from blast-furnace 
slag. 

During the Middle Ages, with the general retrogression in technical 
knowledge, the use of even these primitive puzzolan cements seems 
to have been discontinued. The material employed for holding 
masonry together in large structural work was plain lime mortar, 
though by using an abundance of time and by taking great care in 

,_. II, Google 



PBBDBCESSOBS OF POBTLAND CBMBNT. 19 

preparing the lime, the mortar, and the stone, structures of Tery 
remarkable strength and durability were finally developed. At a 
few places in Europe impure limestonea were burned to a lime 
which necessarily must have possessed some hydrauhc properties. 
But these sporadic instances of the occurrence and use of what may 
be considered a low-grade natural cement should not be allowed to 
obscure the fact that the great masonry structtu^s of the Middle 
Ages were built with practically common lime. 
HATUBAL CBKBHTS. 

EUKOPEAN NATURAL CEMENTS 

The almost exclusive use of lime mortar for structural work per- 
sisted until very near the close of the eighteenth century, when a 
new series of cementing materials, of distinctly more modem type, 
was developed by careful experiment almost simultaneously in 
France and in England. These were the natural cements, and 
cementing materials of this type have remained In use down to the 
present day. 

In 1756, or thereabout, Smeaton, an English engineer, began a 
series of experiments on lime mortara, in order to devise a lime suit- 
able for marine construction, particularly for use in building the 
Eddystone lighthouse. No record of these experiments was pub- 
lished until 1791, so that they had no immediate influence on engi- 
neering practice. Smeaton soon found that the property of hardening 
under water, known to be possessed by some limes, was not due to 
the purity of these particular limes, as had been long supposed. In 
fact, the truth was quite the reverse, for the very impure clayey 
limestones, when burned, would harden under water, and the pure 
limes would not. Though the experiments of Smeaton were appar- 
ently not carried to the point of making a true cement, his conclu- 
sions regardii^ the effect of clay in limestone opened the way for 
further investigation and research. 

The next step marked a great advance in practice. This was the 
invention in 1796 in England and almost simultaneously in France of 
a cement like our present-day natural or Rosendale cements. Parker, 
who took out an English patent in 1796, later termed his new product 
"Roman" cement, which was clearly a misnomer, for he had invented 
a product never known to the Romans. The Parker patent contem- 
plated the use, as a raw material, of certain concretions of clay and 
limy matter which were common in some of the English coastal for- 
mations. These concretions were to be burned "with a heat stronger 
than that used for burning lime." When so burned, the product 
would not slake naturally when water was apphed to it, as would an 
ordinary hme. When powdered, however, and mixed into a paste 
with water, it would h&rdeD not only in air but also under water. 

.oogic 
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Parker's cement soon came into general use in England, and similar 
producta were manufactured in France and in other portions of the 
Continent. 

AUEBICAK NATURAL CEMENTS. 
DIBOOVZBT. 

When (he construction of the Erie Canal was undertaken, the use 
of ordinary Ume as mortar was contemplated. As a lai^e amount of 
lime would be used for this purpose, many limestone beds throughout 
the State were examined and tested. Good limes were found to be 
available at many points along the course of the canal, and the engi- 
neers had apparently no expectation of fin H iTi g a better material. 
During the progress of work on the middle section of the canal, how- 
ever, it was found that the lime burned from a certain stone refused 
to slake. The quarry from which this stone came had been opened 
on the land of T. Clarke, in the town of SulUvan, Madison County, in 
a bed of limestone >which to all appearances was satisfactory enough. 

The failure on the part of the contractor to deUver the lime brought 
the matter to the attention of Benjamin Wright, engineer in charge of 
the middle division, and Canvass White, one of his two associates. 
Fortunately, White had visited England in order to secure as much 
information as possible concerning the materials and methods then 
employed in great public works and had devoted much time to a study 
of the limes and cements used as mortar materials. Parker's ' ' Koman 
cement" had then passed the experimental stage, and in both En^and 
and France natural cement was gradually but steadily supplanting 
lime as an engineering material. The cost of Parker's cement, how- 
ever, was an obstacle to its extensive use. 

Because of this preliminary acquaintance with the subject, White 
was peculiarly well fitted to cope with the difficulty in Madison 
County. He visited the Clarke quarry, examined and tested both the 
quarry stone and the burned product, and decided that the obstinate 
lime was really a high-grade natural cement, which required only 
grinding to make it fit for use. TeaU on a lai^er scale soon proved 
that his conclusion was correct, and the first American natural cement 
was put to extensive use in the locks and walls of the middle section 
of the canal during the years 1818-19. 

Fortunately, a contemporary professional estimate exists as to the 
value of this material, Wright, in a letter dated in 1820, summarizes 
the facts regarding White's cement, stating that it "is found to be a 
superior water cement and is used very successfully in the stonework 
of the Erie Canal and beheved to be equal to any of the kind found 
in any other country. It is pulverized (as it will not slake) and then 
used by mixing two parts hme and one part sand. It hardens best 
under water, and it is believed its properties are partially lost if per- 
mitted to dry suddenly or if not used 9Wn after mixing." 
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N^inety years of testing have hardly given a more satisfactory 
summaiy of the properties of natural cements than is contained in 
Wright's last sentence. 

Another contemporary account (1821) states that "the price of this 
lime, pulverized and burnt and delivered at Utica, is 20 cents the 
bushel," 

White took out a patent on this cement, and for several years a 
controversy rt^d as to its tenability. The matter was settled in 
1825, 30 far as the State of New York was concerned, by the action of 
the legislature, which bought the patent rights for New York from 
White for 910,000 and immediately threw them open to the free use 
of citizens of the State. 

It is pleasant to know that the discovery and prompt utilization of 
this new material by White and Wright were rewarded with equal 
promptness by their professional advancement on the canal work. 

The chemical character of this first American natural cement 
is established by an analysis, made in 1822 by Seybert, of a sample 
of the limestone used in its preparation. The analysis gave the 
following results : 

ATuify»i*o/tiit,fintAvimoaniuifvraleem«nL 

Silica (SiO) 1L7« 

Alumina (AV),) 2.73S 

Iron oxide (FejO,) L600 

Liine(CaO) 2S.O00 

Uagneeia (MgO) 17.833 

Carbon dioxide (CO,) 39.333 

Moiature 1.500 

99.666 

If this analysis be accepted as representative of the rock used, the 
resulting cement would have a cementatioD index of 0.74 and at the 
present day would be regarded as a hydraulic lime rather than as a 
natural cement. 

GBOWTH or TBI XATTT&AI. OXMXXT nSUSTKT. 

The use of the Madison County cement on the canal stimulated 
search for other deposits of cement rock. In Wright's letter he states 
that this rock "is found in great abundance in the counties of Madi- 
son, Onondaga, and Cayuga." He thus outUned what has since been 
the natural cement district of central New York. Later in the same 
letter Wright remarks: "I do not know that it is found in the coun- 
ties west of Cayuga, but presume from the geological character of that 
country it may be found in all the country west to Niagara, and prob- 
ably farther west." Within a few yeare this proved to be a fact, 
cement rock being discovered in Erie County, in the extreme western 
part of the State. 
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The first natural cement manufactured in Erie County was made 
in 1824 at Williamaville. In lS3d Jonathan Delano erected cement 
works at Falkirk, near Akron, making about 2,000 barrels of cement 
the first year. He furnished the cement for the feeder dam at Tona- 
wanda Creek and for the (Jeneeee Valley Canal. In 1843 the business 
passed to the hands of James Montgomery, who increased the output 
to 10,000 barrels a year. The business afterward came into the 
possession of Enos Newman, a partner of Montgomery, and has 
been in his family ever since. 

In 1S54 H. Cummings & Son established a natural cement plant at 
Akron, which was operated for several years. This plant was suc- 
ceeded by another, managed by sons of the founder. The Akron 
plant was sold to the Akron Cement Co. in 1871, and the Cummings 
brothers erected another plant about 2 miles west of Akron. 

The first natural cement made within the present limits of Buffalo 
was manufactured in 1850 by Warren Granger. His plant was near 
Scajaquada Creek, just below the Main Street Bridge, in what is now 
Forest Lawn Cemetery. In 1874 Lewis J. Bennett commenced the 
manufacture of natural cement at Buffalo Pluns, near Main Street, 
This establishment, which has been carried on continuously under the 
control of the Bennett family, is now incorporated as the Buffalo 
Cement Co. 

Third among the districts in point of age came the Rosendale region 
of eastern New York, which, however, soon became first as a producer 
and has ever since maintained a high standard in both the quaUty and 
quantity of its output. 

The discovery of cement rock and the commencement of manufac- 
ture of natural cement in the Rosendale district took place apparently 
about 1S25, though there is considerable uncertainty as to the exact 
date. The industry, however, did not develop so rapidly as might be 
supposed, for in 1843 W. W. Mather ' referred to the immediate past 
as follows : 

When mAking the reconnaiBsaiice (in 1S37], Boon after the commescemeat of the 
geological aurvey, the businete had but commenced, and there was no cement maou- 
[actured on the Roodout except at Utwreoceville, and there but few kilna were in 
operation. It was not then known tj? the inha.bitanta that the cement rock waa 
abundant except at and near these quairiee until some oF them were then iafonned 
ot its inexhaustible quantities. Even now few are aware of the great extent of the 
rock and still fewer understand how to trace out the eituation ot favorably located new 
quarries. 

During the six years that had elapsed since 1837, however, the 
industry seems to have grown rapidly, for in his final report (1843) 
Mather states ' that 16 firms, working 60 kilns, were then operating 
in the Rosendale district. He estimated the product at 500,000 to 
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600,000 barrels per year, and notes that about 700 men were employed 
in the quarries, in the mills, and in handling the cement. 

Soon after the industry had become established in New York it was 
taken up in several other States. R. W. Lesley has pointed out the 
direct relation of the early natural cement industry to the canal con- 
struction, which was then so prevalent,' 

The first large public works built in this country were the caaala, aod the moet 
Deceaaary tbing to build a canal was mortar that would hold the stonea together at 
tlie locks or walla under water. Conaequently, wherever canals were to be built 
tbeie w«a a aearch i(x cement rocka, and all the earliaat works in this country were 
eeUblialied on the lines of the canala. Thus, on the Cheaapeake & Ohio Canal were the 
Cumberland and Bound Top Worke; on the Lehigh Caual, the works at Siegfrieds 
and Coplay, Fa.; oa the Richmond A Alleghany Canal, the works at BiUcony Falls, 
Va.; on tiie Delaware & Hudson Canal, the large group o( works at Rosendaleand 
Kingakm; and on the Falls of the Ohio Canal, the large aggregation ol worke ^raut 
LauiaviUe. From this fact giew the early package uaed in shipping cement in 
this country, the barrel, which was the package beet adapted to water transportation ; 
and it took nuiny yeaie to overcome the prejudice againet any other form of package 
and to aubatitul« the paper or duck bag for the barrel. 

The following table shows the dates of establishment of the natural 
cement industiy in various localities in the United States between 
1818 and 1901: 

Datei of eUahlMment of tilt natuml-remmt imhutry in different State*. 
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The natural cement industry grew rapidly in the United States, 
reaching a maximum production of not quite 10,000,000 barrels in 
1899. After that date, however, it b^an to suffer heavily from the 
competition of domestic Portland cement, and in the last decade its 
output has shown an almost continuous rapid annual decrease, until 
now it has become relatively unimportaDt. This matter will be noted 
further in discussing the statistical growth of the American Portland 
cement industry (pp. 31-32). 

PORTLAND CEMENT. 

□nnSNTIOH AND BASLT HISTOBT. 

abpdin'8 patent. 



In 1824 Mr. Joseph Aapdin, of Leeds, England, received a British 
patent for a cementing product which he named Portland cement. 
The name was due to a rather fanciful resemblance between the set 
cement and a well-known English building stone — the oohtic lime- 
stone of Portland. 

Aspdin's specification, which is numbered 5022 and dated October 
21, 1824, is as follows:' 

Uy method of m&king a cement or utifici&l atone tat stuccoing building water- 
wcvId, cistenia, or any other purpoee to which it m&y be applicable (and which I 
call Portland cement) is as follows: I take a specific quantity of limeetone, auch as 
tiiat generally used for making or repairing roads, after it is reduced to a puddle at 
powder; but it I can not procure a sufficient quantity of the above from the Toads, 
I obtain the limeetone itself and I cause the puddle or powder or the limeetone, as 
the case may be, to be calcined. I then take a specific quantity of argiUaceoua 
eartli oi clay and mix them with water to a stat« approaching impalpability, either 
by manual labor or machinery. After this proceeding I put the above miztnre into 
a slip pan for evaporation, either by the heat of the sun or by submitting it to the 
action of fire or steam conveyed in fluee or pipes imder or near the pan, until the 
water is entirely evaporated. Then I break the said mixture into suitable Ivunpe 
and calcine them in a furnace similat to a limekiln tilt the carbonic acid is entirely 
expelled. The mixture so calcined is to be ground, beat, or rolled to a fine powder 
and is then in a fit state for making cement or artificial stone. This powder ia to be 
mixed with a sutGcient quantity ol water to*bring it into the consistency of moitar, 
and thus applied to the puiposea wanted. 

TXOHHIOAI. VAI.1JS OF ASPDOTB OmMTIOV, 

As Aspdin's patent is often criticized for its vagueness, it is of inters 
est to examine it more closely and get some idea of its real technologic 
importance. It seems clear that the specification of his patent cov- 
ered the general method of Portland cement manufacture most suitable 
for the raw materials available to him, though it certainly omits to 
mention certain important factors or limitations in that process. To 
put his invention into simpler form, it may be said that Aspdio 

1 Radcrare ud Spacknun, Cslcateoos oemenU, M ed., IKK, p. U. 
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specified that a pure limestone was to be bumed to lime. This lime 
was to be mixed with a definite quantity of clay, and the mixture was 
then to be pulverized in a wet state. Hie wet mixture was to be 
dried and crushed and then calcined in a vertical kiln; and finally 
tiie burned product was to be powdered. 

It is unqucetionable that this was really a very clear and definite 
description of the manufacture of Portland cement by a wet-mixing 
and grinding method. When this method was appfied to hard lime- 
stone, burning in two stages was almost a necessary consequence. 
Aspdin's process, Bubstantially as described, was in high fayor until 
1875 or thereabout, then fell into disuse, but now seems to be again 
becoming of interest to cement manufacturers. 

The only serious omissions in the Aspdin specification are that the 
relative amounts of lime and clay to be used are not even approxi- 
mately stated and that no mention is made of the necessity of burn- 
ing the mixture at a temperature considerably above that of an ordi- 
nuy limekiln. But that these omissions were due not to lack of 
knowledge, but to carelessness or secretiveness in framing the speci- 
fication, is shown by the fact tbat Aspdin was actively engaged in Fort- 
land cement manufacture within a year of the issuance of his patent, 
and that the Aspdin family long continued prominent in the English 
Portland cement industry. 

coMmtPOKaaT hotiou or aspdivb uivuitioji. 

In view of the great industrial imftortance attained by the Portland 
cement industry developed under the Aspdin patent of 1824, the 
writer thought it of interest to examine the files of several tech- 
nical journals of that period in the hope that some contemporary 
mention of the invention might be found. This search was success- 
ful, and two of these contemporary notices are here reproduced. 

Aspdin's patent was applied for, it will be recollected, in 1824, the 
specification being dated October 21. In its issue of February 5, 
1825, the London Mechanic's Roister mentions the granting of Uie 
patent in the following terms, under the simple caption "Artificial 
stone": 

Ur. Joaeph Apaden,' of Leeds, haa taken out a patent for a new mode uf producing an 
artificial etone or cement for the covering of buildings. He calls il Portland cement, 
frooi its resemblance to Portland etoae; its component parta are as follows: A given 
quantity of limeetone, of the kind usually employed for mending roads, is to be pul- 
verized by beftting or grinding, orit maybe taken from the road in a pulverized 8tat«, 
or in the state of puddle; this, when dried, is to be calcined in a furnace in the usual 
way. A Htmitar quantity of aigillsceoua earth or clay is then to be mixed in water 
with llie calcined limeatAne, and the whole perfectly incorporated by manual labor or 
by machinery into a plastic state. This mixture is then to be placed in a shallow 
vessel for the purpose of evaporation, and then to be submitted to the action of the air. 



< n dunild b* noted tb>t In Umib miI; ntotticM Aipdln'i pudb b mlipelUd 



.oogic 



26 PORTLAND CEMENT M4TERIAI-S OP UNITED STATES. 

the Bun, or the heat of fire, or steam conducted by ptpee or flues under the puiA or 
evapoiating vessels. This composition, when in a dry state, is to be broken into lumps 
of suitable mzes, and is then to be calcined again in a funiace similar to a limekiln 
till the carbonic acid has been entirely dispelled. The mixture so prepared is then to 
be pulverized by grinding or beating, and when reduced to a fine powder is in a fit 
state for use, and with the addition of so much water as will be sufficient to bring it 
into the consistency of mortar will, when applied to its purpose, make a CMnpact and 
durable stone equal to the Portland stone itself. 

The above notice, it will be seen, is merely a bare outline of the 
matter set forth in the patent specifications, vith nothing added in 
the way of editorial comments. Another notice, of sightly earlier 
date, is more interesting. It appears in the Renter of the Arts and 
Sciences (London) of January 22, 1825, under the heading "Apsdin's 
patent Portland cement, or artificial stone." Tiaa notice is as f oUows : 

This is a patent lately granted to Mr. Apsdin, a mason, of Leeds, for an earthy 
preparation, which he calls Portland cement. Its compceition, that of equal parts 
of limeetone and aluminous earlh, has been long known to the chemical world aa 
forming a bard stony cement; a fikCt that ou^t to have been communicated to Mr. 
Apedin by the person who assisted him in his epecificatkm, which would have nved 
him the uBel«e8 expenditure of about £120. As it is, his exclusive privilege of manu- 
facture can only extend to the peculiar process aet forth in his specification, and we 
sincerely hope he may make a good profit by the undertaking. 

The patentee directs that conunon limeetone is to be pulverised and then calcined 
in a furnace. A like quantity of clay is then to be mixed with the calcined lime- 
stone in wr.ter and made into a plastic paste. This composition is then to he dried, 
tobebroken in tolumps, and calcined again, until the carbonic acid has been driven oR, 
when it is to be taken outof the furnace and reduced to powder. It is employed Be a 
cement, or artificial atone, fay mixing with the powder a sufficient quantity of water 
to make it into a paste, when it quickly soHdifiee into a hard substance. 

The following account of a similar composition is extracted from a French work : 

"M. Bruy finds that an excellent artificial puEEolana may be made by calcining, 
at a red heat, three parts of clay with one part of slaked lime, by measure, M.deSt. 
tieger, who makes the article for sale, considers these proportions as the beet." 

GROWTH OF THE PORTLAND CEMENT INDUSTET IN EUROPE. 

Though Aspdin, as already noted, was almost immediately engaged 
in the commercial manufacture of his new cement, the Portland 
cement industry of England for some years grew very slowly. The 
same was true on the Continent, where the manufacture of Portland 
cement was soon taken up. The natural cements had gained a firm 
foothold, and at the necessary difference in price it was difficult to 
displace the earlier type. At first, too, both types were used entirely 
as cementing materials proper, to hold together bricks or stone; the 
use of cement in mass, in the form of concrete, came much later. 
This naturally restricted the growth of both the Portland and the 
natural cement industries. 

About 1850, however, a distinct increase in the use and production 
of Portland cement, both in England and on the Continent, became 



ihy Google 



MBTLAND CEMENT. 27 

noticeable. Prom this time on Portland cement rapidly displaced 
the older natural cements in all European markets and gradually 
became an important article of import into the United States. 

THB POBTIiAND OBMBNT IVDUSTBT IN AMBBIOA. 

EABLY HISTOBT OF AHEBICAN POBTLAND CEUENT. 

In spite of the rather rapid development of the Portland cement , 
industry abroad, particularly in England and Germany, after 1850 or 
thereabout, it was not until the end of the third quarter of the nine- ; 
teenth century that its manufacture was actively taken up in the , 
United States. Then, like many other industries, it took life almost 
simultaneously in several parts of the country, experiments in the 
manufacture of Portland cement being carried on -almost or quite i 
independently at a number of small plants in New York, in the Lehigh 
district, in weatem Pennsylvania, in Michigan, and in Maine. 

Apparently the first attempt at Portland cement manufacture in I 
the United States was made in 1872, when an experimental plant was 
constructed at Kalamazoo, Mich., the material used being a mixture 
of marl and clay. This project seems to have been commercially ( 
unsuccessful; little can be learned concerning its history and it cer- 
tainly exercised no influence on the slightly later developments in 
New York and Pennsylvania, > 

In 1875 a true Portland cement was being made commercially at 
a small plant in western Pennsylvania, the raw materials used being ; 
limestone and clay. This plant, which was located at Wampum, 
Pa., was the basis of the Crescent Portland Cement Co., which is atill 
in existence. At about the same date, several small experimental i 
plants were erected in the Hudson River district in New York. 
These did not result in any immediate development of the industry > 
in that State, and their history can be disregarded here, particularly 
as it is described in detail on p^es 284-285 of this bulletin. 

In the meantime, and in a manner almost entirely disconnected j 
from the above experiments, the foundation for the great Portland 
cement industry of the Lehigh district was being laid, the start being / 
made under rather unpromising conditions. Natural cement had 
long been manufactured in the Lehigh region, and in the early 
seventies D. O. Saylor and his associates began selecting from the | 
natural cement rock quarries the stone which would on burning 
yield a Portland cement. The result, though always variable and 
often (perhaps usually) unsatisfactory, was that a certain small ton- 
nage of good Portland cement began to be produced annually in this 
district, really as a sort of by-product of the natural cement industry. 
The present Coplay Cement Manufacturing Co. is the direct outgrowth 
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of this first successful attempt to manufacture Portland cement on A 
commercial scale in tbe Lehigh district. 

The Portland cement industty had now gained at least a foothold 
in the United States, and within the next 10 or 15 years small plants 
were established in Beveral localities. To understand properly the 
importance of the next development, it is necessary to consider briefly 
the technologic status of the industry during its early American 
growth, for the next factor to appear, though one which seemed at 
firat to be of technologic interest solely, finally completely revolu- 
tionized the Portland cement industry of the world and placed the 
American industry far in advance of its European congenw. 

TECHNOLOOT OF PORTLAND CEMENT, 1875-1886. 
AXKUOAK HOOmOATIOaS. 

When the manufacture of Portland cement was first taken up in 
the United States the natural tendency was to follow closely along 
European lines, both as to raw materials and processes. At that 
date nearly all if not all European plants used soft natural raw 
materiab, which were mixed and ground in a wet condition and burned 
in stationary vertical kilns, the resulting clinker being then ground 
by millstones. In all of these respects European practice was faith- 
fully followed by some of the early American plants, among thein 
the plants at Kalamazoo (Mich.), South Bend (Ind.), and Wayland 
(N. Y.). 

This process, however, was not particularly well adapted even to 
conditions in England and Germany, and in the United States was 
I almost prohibitive. It involved reducing the raw materials to powder 
or to a wet slurry; mixing them to a paste with water; forming the 
I mixture, after partial drying, into bricks or balls; chai^ng these 
■ bricks, often by hand, into the vertical kiln in which they were burned ; 
[ unloading the kihi, also by hand, and finally grinding the clinker in a 
j peculiarly ineffective and expensive way. 

When both of the raw materials to be used were naturally wet and 
. naturally soft, as when marl and clay were used, the earlier stages of 
, the wet process were of course considerably simplified and relatively 
inexpensive. But with the hard, dry rawmateri^ used in the Lehigh 
■ district the wet process was as expensive as it was absurd. This fact 
' was recognized early, and for a number of years after the first success- 
I ful experiments little or no increase in the American output of Port- 
land cement could be noted, the margin of profit as against for^gn 
'■■ cements cheaply laid down in the coast cities being too small to 
encourage the American manufacturer to take up lai^e-scale pro- 
duction. 

It was early recognized by those who had commenced the experi- 
mental manufacture of Portland cement in the United States that the 
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relatively dear labor and cheap fuel of America, as contrasted with 
the cheap labor and dear fuel of Europe, would necessitate great 
changes in the technology of the industry if it were ever to be estab- 
lished on a firm commercial footing. The most interesting features 
of the early American experimental work, indeed, were the frank 
acceptance of these conditions and the careful search for altematiTe 
methods. 

In the general effort to cut down the excessive labor cost of the prod- 
uct, two distinct though interrelated points of attack were obvious. 
In order to fit the industry satisfactorily into American labor and fuel 
conditions, both the burning and the grinding processes must be 
cheapened by mechanical improvements. Both of these points 
received prompt attention, and both the necessary improvements 
were effected when the old stationary kilns and millstones were dis- 
placed, respectively, by the rotary kiln and by modem grinding 
machinery . 

TBI KOTAXT KILK AVS ITS XTTBOT OV THE nmnTKT. 

Of the two changes, the substitution of the rotary for the station- 
ary kiln demands the greater attention, not only because it is the more 
distinctively American but also because of its important effects on 
the industry. Though the rotary was foreshadowed at an earlier 
date, the Ransome patents (Great Britain, 1885; United States, 
1886) are usually considered to be the basis of its later developments, 
the tdlns now in use being the fiirect successors of those of the Ran- 
some type. 

For present purposes it is sufficient to describe the rotary kiln as a 
steel cylinder lined with fire brick and set at a slight inclination to the 
horizontal. The raw mixture is fed in at the upper end and travels 
slowly downward by gravity as the kiln is revolved. The fuel is 
blown in at the lower end, and the burned clinker also f aUs out at this 
lower end. It had been expected that the fuel to be used in the Ran- 
some In In would be producer gas, but as a matter of fact when the 
rotary was first successfully used in the cement industry — at South 
Rondout, N- Y., in 1889 — petroleum was used as fuel, and for some 
years its use continued to be the current American practice. 

At the South Rondout plant it was found possible to charge the 
mixed and ground raw materials direct to the kiln without wetting, 
so that another step had been made in the industry. In 1891, at 
Montezuma, N. Y., naturally wet raw materials (marl and clay) were 
charged into the kiln without preliminary drying. The two main 
types of present American practice were thus in existence — the dry 
process, used with limestone or cement rock, and the wet process, 
used with marl. Of the two, the dry process has proved far the more 
economical and at present is almost uoiversally used. 
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The next step in the development of American cement manufactur- 
ing methods b^^n about 1895, when powdered coal was first substi- 
tuted for petroleum as fuel. Its use very soon became standard 
practice throughout the United States, except at the few localities 
where petroleum or natural gas abounded. 

The most recent development in the rotary kiln has been purely 
a matter of dimension. In 1903 American rotaries had become 
practically standardized in size and capacity. Almost every kiln 
in the country used on dry materials was 60 feet in length, and a kiln 
of this size had a rated capacity of 200 barrels of cement a day. In 
the Lehigh district the 60-foot kilns usually yielded a little more than 
their nominal capacity, and elsewhere a little less. Spinning with 
the proved success of longer kilns at the Edison plant, however, a 
rapid lengthening commenced about 1905 and as yet ha^ not steadied 
down to anything like standardization. The kilns now installed 
usually range between 100 and 150 feet in length and yield from 400 
to SOO barrels a day. A few kilns 250 feet in length are in operation. 

niPROviiuuiTi a aHmtnro. 

Parallel with the changes in type and capacity came the great 
changes in crushing and grinding machinery which have produced the 
enormous tonnages of raw and finished material. The cracker 
crushers and millstones of the early industry have given place to 
larger and more efl&cient reducers. At present the gyratory crusher 
is almost exclusively used for the first stage of reduction. For finer 
grinding Griffin and Huntingdon mills were at first used; later ball 
and tube milla came into favor; but at present there seems to be some 
reaction toward earlier types. 

. ""- / GSOWTH OF THE AUBRIOAN INDUaTRT TO 1904, 

In 1905 the United States Geological Survey published, aa its 
Bulletin 243, a report on the cement materials and industry of the 
United States, prepared by the present writer. The introduction to 
Bulletin 243, written in 1904, contained the following statements, 
which will bear repetition here because the industry has advanced so 
rapidly that the summary of its growth to 1904 already has a certain 
historic interest. 

The m&rvelouB growth of the Americao Portlui<] cement industry during the tut 
decade has created a widespread interest in the raw materials and in the methods of 
manubcture of Portland cement — the most important of the cementing materials. 
This interest is not confined to those who have a direct financial stake in the induetry, 
as the product is eo widely used and its usee are so rapidly increasing that some 
knowledge of its manufacture and properties is of advantage to everyone connected, 
directly or indirectly, with engineering or building operations. In its imporlancQ 
to our praeent civilization cement is eurpaesed amoi^ mineral products only by iron, 
coal, and oil; in rale of inci«aae in annual production during the Uet deCMlQ 9V«n 
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these tbree products can not be compared with it. In 1890 the totikl production of 
PcrUand cement in the United Statee waa 336,500 barrels, valued at (439,050; in 
1908 it exceeded 22,000,000 barrels, while the value was over 927,000,000. 

During the 16 yean which witneosed the development of Uie American Portland 
cement industry two of the greatest gold discoveries in the world's history were 
made— in ColtHado and Alaska. The annual gold production of Alaska and of the 
Cripple Creek district in Colorado have • • * impteaeed iJiomfielvea on every 
citizen of liio United Statee, while the Portland cement industry has attained its 
growth in comparative obscurity. Yet on comparison it will be see^i that the gold 
production of Cripple Creek is only slightly greater than the output of Portland 
cement, while the production of Alaska sinks into comparative insignificance. * * * 
yoceover the greater part of this increase has been within the last decade. The pro- 
duction of Portland cement has risen from a little lees than ^,500,000 in 1896 to over 
(27,000,000 in 1903. 

Since the above par^raphs were written the American Portland 
cement industry has continued its remarkable rate of growth, reach- 
ing in 1911 an output of over 78,500,000 barrels, valued at more than 
S66,000,000. 

STATISTICS OF THE POBTIANB CEMENT INDUSTRY.' 
AMEBICAIT PBODtTCTION OF PORTLAMS CEMEITI, 1870-1911. 

The following statistics cover the annual production of Portland 
cement in this country from the inception of the industry, in the 
early seventies, to the present day: 

Pmduelum of Portland cement in lAt United Slattt, 1870-1911, in harrdi. 
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This table shows fair but not in any way remarkable growth until 
1895. In the latter year, however, a very striking development 
commenced, coincident with the development of coal burning in the 
tis«(Mira«V-a-fcruu,;(.a,v.^,a«iLsiirTCr, 
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rotary kiln, and continued until 1907, when it waa checked by the 
finimciaJ crisis. The check wae only temporary, however, and within 
a year the old rate of advance had been resumed. 

The phenomenal growth of the American Portland cement industry 
is brought out still more strikingly in figure 1, where the later portion 
of the advance is shown graphically for the years 1890 to 1911, 
inclusive. For convenience in comparison, the gradual decline of 
the American natural cement industry has been plotted on the same 
diagram. 

The rate of growth of Portland cement has been irregular, but has 
been high on the average, and has in no year been actually reversed. 
The production of natural cement, on the other hand, reached its 
maximum in 1899, with an output of 9,868,179 barrels, since when 
it has shown a rapid and almost continuous decrease each year, until 
now it is relatively unimportant. 

The recent growth of the American Portland cement industry has, 
as a matter of fact, been so rapid that its present relative standing 
among our great industries is realized by few, even of those directly 
interested. Its importance, both commercially and financially, is 
perhaps best, brought out by comparison with the American iron 
industry, whose standing is everywhere fully understood. 

Several years ago, when the author first published comparative 
data on the cement and iron industries, it was necessary to plot the 
cement output in barrels and the pig-iron output in long tons 
in order to bring them together on the same diagram. Sjnce 
then, however, the growth of the Portland cement manufacture has 
been so rapid that this expedient is no longer necessary; it is now 
possible to make comparisons by tables that give similar units of 
quantity. The following table gives the output of pig iron and 
Portland cement in long tons durii^ every fifth year from ISSO to 
1910, inclusive. 

Comparative growth of txmml and iron indutlrut. 
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Perhaps the most striking feature connected with the Portland 
cement industry in this country has been the decUne in cement prices 
48834"— BuJl. 522— 13 3 
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during the last 30 years. This decline has, aa a matter of fact, beea 
as steady and as marked aa the growth in fumual output. 
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The following table gives the average price per barrel of Portlaod 
cement in bulk at the point of manufacture, derived from the official 
figures published annually by the Geologic^ Survey. The price 
excludes the cost of the package, but includes packing-house labor: 
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Average priceM per barrel of Portland cement, 1870-1911. 
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In the diagram on pf^ 34 (fig. 2) the fall in cement pricee &om 
1880 to 1911 is shown graphically. 

nCPOBIS OF FOBXION CEHENT. 

In the early histoiy of the American Portland cement industry 
the domestic price of cement was regulated lately by the price of the 
imported product. During recent years, however, domestic prices 
have been so low that foreign cements can not be profitably brought 
in except at a few places on the Pacific coast. The import trade has 
therefore ceased to be of serious interest to the American producer. 

The following table shows the foreign cement imported into the 
Unit^ States during the years 1878 to 1911, inclusive. Owing to the 
manner in which import statistics are grouped under existing tariff 
schedules, the quantities given include not only Portland cement, 
but all other hydraulic cements. Portland cement, however, probably 
makes up at least 95 per cent of the total in each year. 

Tntportt offortign ctmtnt, 1878-1911, in harrele. 
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EZPOST8 OF AHBBIOAIT CBHBNT. 

The United States exports very little cement, the quantity annually 
shipped ranging usually between 1 and 3 per cent of the domestic 
production. The following table gives the quantity and value of all 
classes of hydraulic cement exported during the years 1900-1911, 
inclusive. Iliese totals represent Portland cement almost exclusively . 
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Etporti oJhydrmUie cement, 1900-1911, in harreU. 
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Probably much more aerious attention will be given to the export 
trade in future, particularly by the eastern mills, for its development 
seems to be the simplest method of disposing of the surplus which now 
periodically weighs on the eastern cement market. Of course an ex- 
port trade in a commodity like cement — relatively bulky and low in 
value — does not promise any large direct profit to the individual pro- 
ducer, but indirectly the creation and maintenance of such a trade will 
benefit the industry at lai^e. Owing to the scanty fuel supplies of 
most parts of South and Central America and the West Indies the 
development of local cement iadustries seems unlikely in those 
promising markets. 

aSOORAPHIC CONCBHTRATION OF THE CEHBNT INSTTSTBT. 

POBTLAND CEUENT PBODUCTiON, BY STATES. 

In 1906 and 1907 the leading cement-producing States ranked in 
the same order, as follows; Pennsylvania, New Jersey, Indiana, 
Michigan, Kansas, New York, lUinois, Missouri, In 1908, however, 
some very notable changes in rank occurred, owing to the decreases 
shown by the Eastern States and Michigan, and the heavy increases 
reported from some of the Middle Western States. The order of pro- 
duction in 1908 was therefore as foUows: Pennsylvania, Indiana, 
Kansas, Illinois, New Jersey, Michigan, Missouri, New York. 
' In 1909 Pennsylvania still led in production, followed in order by 
nearly the same States as in ISOS, but Missouri ran ahead of Michi- 
gan. In 1910 and 1911 Michigan occupied eighth place, owing to 
the rapid rise of California as a producer, this State havii^ passed 
Kansas and taken third place. 

In the following table the Portland cement production is given by 
States, or by groups of States where there are less than three producers 
in a single State. By the term "producer" is meant a Portland 
cement manufacturing company, whether the company operates one 
or more plants. In the table the term " producing plant" is apphed 
to a mill or group of mills located at one place and operated by one 
company, but each establishment at a different place is counted as 
a plant. 
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Pnduetion of ParUimd cttntnt in the United Statu in 1910 and 1911, by StaUt. 
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PBODUCTION BT COUHEHCIAL DISTRICTS. 

In the present grouping the United States has been divided into 11 
subdivisions based on the grouping of plants in direct relation to the 
trade territory covered by each group. This grouping ia also l(^ical 
when the raw materials are considered. For instance, the plants in 
northeastern Indiana and northern Kentucky, all of which are near 
Ohio River, and all of which use hard limestone, are grouped to- 
gether, and those in Michigan and northeastern Indiana, most of 
which use marl, are grouped together. Plants near Chicago, 
whether in Illinois or Indiana, are logically grouped together be- 
cause of their neariy equal freight rates. The Southeastern States, 
in which plants use mostly Appalachian limestone, are grouped to- 
gether, and central Texas has been transferred to the group of Great 
Plains States, to which it more logically belongs. Plants between 
Missouri River and Mississippi River in Missouri and Iowa are 
grouped together, and the plapts in the Rocky Mountain States and 
western Texas are considered in a group intermediate between the 
Great Plains and the Pacific coast. The following table summarizes 
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the atatifitics for 1910 and 1911 for each district with r^ard to the 
number of active plants, the total production in 1910 and 1911, the 
percentage of gun and loss in 1911, and the average price per harrel. 

Prodtierion o/ Portland etmmt in 1910 <mi 1911, bg eonaiurcial dUtrieU. 



DbWrt. 


ActiTeptonta. 


P„™^ 


dunge. 


prWtlwtanS 




1(10 


1911 


leio 


1911 


1911 


1010 


mi 


N«ir JnMy and Mstem Penn- 
sylvaiila(LahlgbdEsttlct) 


34 


1 

3 

17 

7 


1:S 

3.SM.m 

8, STB, MO 

S, 071, 009 
e. 731.971 

7,7!B.aiB 

2,M6.M1 
fl,3U,£8S 


as, 971.108 
a,3M.317 
S,7M,S13 

4,Elfl.T»l 

1,818, an 

8,fll7,Ml 

«, 049,009 
6,007.440 

7,oio,a« 

1,134,930 

7,378,174 


PaettU. 

;':S 

+11. a 
- ill 

+ 3.88 
+81. SI 

+ o.oa 

-9.9 
-4.99 


.799 
.7H 

.gso 

1.388 


""SI 


SSKiTSffiS- 




Bllnols and northwanoii In- 


.TW 


VliKi»l^<MV_^lD^^ 


.7«3 




Rod? Mountain BtaW (Colo- 
nao.Vtab. Uonbuia, AiWim, 
Mid woMem Texftj) 

Punflc oout aam (c*lUOnil> 


.834 

I.IM 








Ul 


lis 


7B,S«.ttEl 


78,038,61? 


+ 3.S8 


.801 









This table brings out some interesting facts concerning the 1911 
output in the several districts. According to the returns received 
there were decreases in production in 1911 as compared with 1910 
in the Lehigh, Michigan-northeastern Indiana, Kentucky-southern 
Indiana, Great Plains, and Rocky Mountain districts. The increases 
recorded in production were in the New York, Ohio-western Pennsyl- 
vania, Illinois-northwestern Indiana, Southeastern States, Iowa- 
Missouri, and Pacific coast districts. The greatest decrease in pro- 
duction was in the Great Plains district, which amounted to 9.23 per 
cent of the 1910 production. The greatest increase in production, 
31.S5 per cent, was recorded in the Southeastern States, and the 
Pacific coast showed a gain of nearly 14 per cent. These two large 
increases were due in large part to the starting of three new mills 
in the Southeastern and two new mills in ihe Pacific coast States. 

PRODUCTION OF THE LKHIOH DISTEIOT, 1890-1910. 

The Portland cement industry still exhibits, though to a lees degree, 
the same tendency toward geographic centralization that gave iStts- 
burgh its preeminence as an iron producer. The Portland cement 
plants are concentrated in the so-called Lehigh district of Pennsyl- 
vania and its New Jersey continuation. The Lehigh district is the 
place where the Portland cement manufacture was first undertaken 
on a lai^ scale, and it owes its continued preeminence to its p 
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Bion of good raw materiaJs, good labor, good and fairly cheap fuel, 
aod excellent transportation facilities to lai^e eastern markets. At 
present, howeTer, each year witnesses a marked narrowing of the 
profitable market area for Leliigh cement. The growth of the dis- 
trict is being limited by that of competing localitiee, just as the 
growth of the Pittsburgh steel district is being limited by that of 
Gary, Buffalo, Birmingham, and the Atlantic plants. During ordi- 
nary years, the existing cement plants in western Pennsylvania now 
limit the western Pennsylvania and Ohio shipments, and the plants 
in West Virginia, Vli^inia, and New York are more and more restrict- 
ing shipments to the South and the East. 

The Lehigh district possesses great manufacturing advantages, and 
its annual output has by no means necessarily reached its maximum, 
but the decrease in the margin of profit and the narrowing of the 
market area are so obvious that strong companies can no longer look 
to th^ Lehigh district plouto as being sufficient for the future. 

Ilie following table shows the production of the Ijehigh district 
for each year since 1890, the total production, and the peroentage of 
the Lehigh district output to the total production: 

It the VniUd SUUei, 1890-13U, 
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PART II. RAW MATERIAI£ OF THE PORTLAND CEMENT 

INDUSTRY. 

INTRODUCTION. 

DBFINTTION 07 FOBTLAND 0X3CBNT. 

Portland cement is an artificial chemical product of fairly definite 
composition, containing approximately 60 to 65 per cent lime, 20 to 25 
per cent silica, and 5 to 12 per cent iron oxide and alumina. Each of 
the four constituents named may vary within certain limits, hut these 
possible variations are so interrelated that it is possible to express the 
general composition of present-day Portland cements very closely by 
a formula, even though it be an empirical one. 

BTAGES IN XANUTAOTUBB. 

The essential feature in the manufacture of Portland cement is the 
formation of a fairly definite chemical compound under the action of 
intense heat. That this may be properly accomplished and that the 
compound so formed may be put in shape for utilization, three general 
stages in manufacture are necessary, whatever the details of the 
processes employed may be: First, raw materials of proper chemical 
and physical composition must be intimately mixed in proper pro- 
portions, drying and fine grinding being necessary to secure the very 
essential intimacy of the mixing; second, the raw mix thus prepared 
must be burned at a very high temperature until it unites chemically 
and physically as a clinkered mass; third, the clinker so formed must 
be ground very finely. The end result of these processes is the 
Portland cement of commerce. 

HATBlUtALB TTBBD. 

The raw materials used in the manufacture of Portland cement 
may, for convenience, be grouped as (1) cement materials proper, 
including limestone, marl, shelb, cement rock, clay, shale, antl so 
forth, which may be combined to form the actual cement mixture; 

(2) fuels, including the coal, oil, or gas used to bum the cement, 
as well as the fuel usually required to furnish power for the plant; 

(3) fluxes and retarders, including gypaum, lime chloride, alkalies, 
fiuorite, and the like, which may be added to the cement or the cement 
mixture at different stages to accomplish certain purposes. 

These several classes of raw materials will be discussed in the order 
named, greatest attention being paid to the cement materials proper. 
It should be observed, however, that this very concentration of 
attention on the cement materials proper has led to serious errors 
in the location of cement plants. It can hardly be stated too strongly 
that no degree of excellence in the limestone or shale can make up 
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for a poor or expensive fuel supply or for a, small maricet. On the 
other himd, given cheap fuel and a good market, the manufacturer 
may be justified in building a plant to use very poor limeetones. ' 

CEMENT MATERIALS PROPER. i 

APFBOXmATE COHFOSHION of TBB CEXBVT mZTUKS. 

In order to determine what raw materials can be used to advantage 
in the Portland cement mixture it is first necessary to decide in a 
general way the composition of the mixture. 

The ordinary Portland cement mLtture, when mode from normal 
and natural raw materials, contains about 75 per cent of lime carbo- \ 
□ate (CaCO,) and 20 per cent of silica (SiOg), alumina (A1,0,), and 
iron oxide (Fe,0,) together, the remaining 5 per cent inchidiiig mag- 
nesium carbonate, alkalies, sulphur, and other unavoidable but ' 
unnecessary constituents. When blast-fumace slag is used in the 1 
mixture, the bulk composition will be suitably modified. 

The essential elements entering into a Portland cement mixture — 
silica, alumina, iron, and lime — are all extremely abundant, being in 
fact the four commonest elements of the earth's crust. They are 
also very widely distributed, occurring naturally in different forma 
as important constituents of many different kinds of rocks. It can 
therefore readily be seen that, so far as ease in finding raw materials 
of proper chemical composition alone is concerned, a satisfactory Port- 
land cement mixture could be prepared by combining, in an almost 
infinite number of ways and proportions, many possible lands of raw 
materials. Obviously, too, the artificiality of the mixture might 
show all possible gradations, varying from one extreme, where a 
natural rock of absolutely correct theoretical composition was alone 
used, to the other extreme, where two or more raw materials 
widely different in composition would have to be mixed in almost 
equal amounts. 

RAW KATERIALB ACTTTALLY USED. 

The almost infinite number of raw materials that are theoretically 
available for cement making are, however, reduced to a very few 
under existing commercial conditions. The necessity of making the 
mixture as cheaply as possible prevents the use of a large number of 
materials that would be available if chemical composition were the 
only thing to be considered. Some materials that are otherwise ,' 
suitable are too scarce; some are too difficult to pulverize. In con- 
sequence, a comparatively few combinations of raw materials ore 
actually used. 

In certain localities there are deposits of argillaceous (clayey) . 
limestone or "cement rock" in which the Ume, sihca, alumina, and i 
iron oxide exist in so nearly the proper proportions that only a rela- 
tively small amount (say 10 per cent) of other material is required \ 
to make a mixture of correct composition. In most cement plants, < 
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however, all or nearly all the ueceasary lime is furnished by ono raw" 
material, and the siUca, aluimua, and iron oxide are largely or 
entirely suppUed by another. At most plants, too, the raw material 
which fumishea the lime is natural — a limestone, chalk, or marl — but 
at a few it is an artificial product, such as the chemically precipita-ted 
lime carbonate which results as waste from alkali manufacture. The 
silica, alumina, and iron oxide of the mixture are as a rule derived 
from clays, shales, or slates; but at a few plants blast-furnace slag is 
used as the silico-aluminous ingredient. 

The chief combinations of raw materials now used in the United 
States in the manufacture of Portland cement may be grouped under 
four heads: (1) Argillaceous limestone (cement rock) and pure lime- 
stone; (2) pure hard limestone and clay or shale; (3) marl and clay; 
(4) slag and limestone. 

PBODUOTION ACCOKDINa TO KAW UATBHIALB UBBD. 

In the following table the production of Portland cement in the 
United States is classified according to the kinds of raw materials from 
which it is manufactured. 

Type I comprises cement produced from a mixture of arpllaceoos 
limestone ("cement rock") and pure limestobe. This is the combina^ 
tion of materials used in all the cement plants of the Lehigh district 
of Pennsylvania and New Jersey and at a few western plants. 

Tj'pe 2 comprises cement made from a mixture of comparatively 
pure limestone with clay or shale. This mixture is employed at the 
majority of plants in various parts of the United States. 

Type 3 comprises cement manufactured from a mixture of marl and 
clay. This type of mixture is used in certain plants in Michigan, 
Ohio, Indiaiia, New York, and Utah. 

Type 4 comprises cement manufactured from a mixture of lime- 
stone and blast-furnace slag. 

nthe UniUd 
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The preceding table shows a decrease in the relative production 
from cement rock (type I) and marl (type 3), and a corresponding 
increase in the production from Umeetone (type 2) and slf^ (type 4). 
The falling off in the relative output from marl was not unexpected, 
and this relative decrease may continue. The decrease in the per- 
c^itagfl produced from cement rock is due simply to the lessening 
comparative importance of the Lehigh district (see pp. 3S-39), 
but it may be reversed in the near future, for two districte con- 
taining cement rock of the Lehigh type, though widely separated 
ge<^aphically from the Lehigh district itself, may become important 
producers within the next few years. 

UME STONES. 

limestone in the most important ingredient, in one form or another, ', 
in a Portland cement mixture. Limestones of certain typps are also ' 
employed in the manufacture of hydrauhc limes, natural cements, 
and slag cements. It has therefore seemed desirable to discuss the 
origin, composition, varieties, and chemical and physical characters 
of limestone in general. ' 

ORIOIX OP LUfEBTONES. 

Limestones have been formed lai^ly by the accumulation on 
the sea bottom of the calcareous remains of such organisms as the 
foraminifera, corals, and mollusks. Many of the tbick and extensive 
limestone deposits of the United States were probably marine deposits 
formed in this way. Some of these limestones still show the fossils 
of which they were formed, but others have lost all trace of organic 
origin through the fine grinding to which the shells and corals were 
subjected before their deposition. It is probable also that a large 
part of the calcium carbonate of these limestones was a purely chemi- 
cal dep<»it from solution, cementing the shell fragments together. 

Other limestones, far less extensive though important in the present 
connection, owe their origin to the indirect action of organisms. The 
marls, so important to-day as Portland cement materials, fall in 
this class. (See pp. 61-52.) Deposits of this class are small. 

Deposition from solution by purely chemical means has undoubt- 
edly given rise to numerous limestone deposits. When this deposi- 
tion took place in caverns or in the open air it gave rise to onyx 
deposits and to the "travertine marb" of certain localities in Ohio 
and elsewhere. When it took place in isolated portions of the sea 
through evaporation of the sea water it gave rise to the limestone 
beds which so frequently accompany deposits of salt and gypsum. 

VARIETIES OF LIME8TONB. 

A number of terms, based upon differences of origin, texture, and 
composition, are in general use for the different varieties of limestone. 
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The term "marble," properly used, denotes a. limestone which, 
through the action of heat and pressure, has become more or tesa 
distinctly crystalline, but the word is often used to denote any lime- 
atone that will take a good polish. The term "marl," as at present 
used in cement manufacture, is applied to a loosely cemented mass 
of lime carbonate formed in lake basins (p. 51). CaJcareous tufa and 
travertine are more or lees compact limestones, deposited by spring 
or stream waters along their courses. Oohtic limestones, so-called 
because of their resemblance to a mass of fish roe, are made up of 
small rounded grains of lime carbonate having a concentrically lami- 
nated structure. Chalk is a fine-grained limestone composed of finely 
comminuted shells, particularly those of the Foraminifera. The pres- 
ence of much silica gives rise to a siliceous or cherty limestone. If 
the silica present is in combination with alumina the resulting lime- 
stone will be clayey or argillaceous. 

CHEMICAL COBfPOSmON OF LIMESTONE. 



A theoretically pure limestone is merely a massive form of the min- 
eral calcite. Such an ideal limestone would therefore consist entirely 
of calcium carbonate or carbonate of lime (CaCO,) or 56 per cent cal- 
cium oxide (CaO) plus 44 per cent carbon dioxide or carbonic acid 
(CO,). As might be expected, limeetones as queried differ more or 
tees widely from this theoretical composition; (1) they may contain 
magnesia in place of part of the lime; or (2) they may contain silica, 
iron, alumina, alkalies, or other impurities. 

Magnesia is often described as an "impurity" in limestones, but 
the word hardly expresses the facts. The magnesium carbonate pres- 
ent, whatever its amount, simply serves to replace an equivalent 
amount of calcium carbonate, and the resulting rock, whether little 
or much magnesia is present, is still a pure carbonate rock. Sihca, 
alumina, iron, sulphur, and alkalies, however, are actual impurities, 
and not merely chemical replacements of part of the calcium carbon- 
ate. It seems advisable to discriminate between these two classes, 
even though a given sample of limestone may fall under both. 



The theoretically pure limestones, are, as above noted, composed 
1 entirely of calcium carbonate and thus they correspond to the chemical 
■ formula CaCO,. Even aside from the presence of such impurities 
as iron, alumina, and silica, it may be said that lime is rarely the only 
base in a limestone. During or after the formation of the limestone 
^, a certain percentage of magnesia is generally introduced in place of 
part of the lime, producing a more or less magnesian limestone. In 
^uch magnesian limestones part of the calcium carbonate is replaced 
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by magnesium carbonate (MgCO,), the general formula for magneeian 
tiineetone being therefore x CaCO,, y MgCX),. In this fonnula x may 
vary from 100 per cent to zero, while y will vary inversely from zero 
to 100 per cent. If the two carbonatee are united in equal molecular 
proportions, the resultant rock is called dolomite. It has the formula 
CaOO,, &^00, and is composed of S4.35 per cent calcium carbonate 
and 45.65 per cent magnesium carbonate. If the calcium carbonate 
has b«en entirely replaced by magnesium carbonate, the resulting 
pure carbonate of magnesia is called magneeite, having the formula 
MgOO, and being composed of 47.6 per cent magnesia (MgO) and S2.4 
per cent carbon dioxide (CO,). 

Bocks of the limestone series may therefore vary in composition 
from pure calcite limestone at one end of the series to pure magnesite 
at the other. The term limestone has, however, been restricted in 
general use to rocks which have a composition between that of calcite 
and that of dolomite. All the more uncommon phases, carrying more 
than 45-66 per cfflit magnesium carbonate, are usually described 
simply as impure magnesites. 

The presence of much magnesia in finished Portland cement ia con- 
sidrawl undesirable, 4 per cent being the maximum permissible under 
most American specihcattons. Therefore the limestone to be used in 
Portland cement manufacture should not carry more than 3 or 4 per 
cent of magnesium carbonate. 



The sihca in limestone may be combined with alumina as a ciay^ 
impurity or may not be combined with it. Its effect on the value 
of the limestone for cement making is very different in the two oases. 
If silica alone is present in a limestone, altimina and iron oxide being 
entirdy or practically absent, it may occur in any one of three forms, 
each of which has a different effect on the cement produced, 

t . In perhaps its commonest form, silica may be present as nodules, 
masses, or beds of flint or chert. Silica in this form will enter into 
combination with the lime of a cement mixture, but not readily nor 
completely unless fluxes are added. The presence of chert and flint, 
however, adds heavily to the expense of both the crushing and the 
fine grinding. Generally even a small proportion of sihca in this form 
scattered through a mass of Umestone will be sufficient to rule the 
rock out of consideration as a possible Portland cement material. 
However, it is entirely a matter of relative cost, and if circumstances 
justify or require the use of cherty limestones no Insuperable techno- 
logic obstacles stand in the way of their use. 

2. A few rare beds (for example, the hydraulic hmestones of Teil, 
France) contain a laige amount of sihca and almost no alumina and 
iron, yet the silica and lime combine readily, though not perfectly, 
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on burning. It is probable that the silica is Tery finely divided and 
is really in colloidal form, occurring as the result of chemical pre- 
cipitation or organic action. Very few highly siliceous limestonee, 
however, will ma.ke a sound cement on burning unless alumina, iron 
oxide, or some equivalent fluxes are present. 

3. In the crystalline limestones (marbles), and less commonly in 
limestones which are but sli^tly recrystallized, silica may occur as a 
constituent of one of the silicate minerals. As these will usually 
contain alumina or iron oxide, in addition to the silica, they may be 
more properly discussed under the next heading. 

StUCA WFTH ALUMINA AND IRON. 

Silica, alumina, and generally Iron oxide combined in the form of 
clay, are very common impurities in limestones. When present in 
this combined form they unite readily with the lime under the action 
of heat. An argillaceous limestone, therefore, if otherwise satisfac- 
tory, forms an excellent basis for a Portland-cement mixture, and all 
sudtk limestones are of peculiar interest in the present connection. 
The best known are the cement rocks of the Lehigh district of 
Pennsylvania and New Jersey. 

Silica, accompanied by alumina and iron, is present in some crys- 
talline limestones as a more or less complex silicate. If this silicate 
is uniformly distributed throughout the mass of the limestone the 
rock may be very suitable for cement. In many such silicates, how- 
ever, magnesia is present in objectionable quantity. The beat lime- 
stones of this type known to the writer are those described by L, J. 
Pepperberg from Montana.' (See p. 264.) 



The iron present in a limestone is generally in the form of the oxide 
(Fe,Oj) or the sulphide (FeSj), or, more rarely, as a carbonate or 
in a complex silicate. In any of these forms it is a very useful fluxing 
agent, siding greatly in the combination of the silica and lime in the 
kiln. When present as the sulphide, however, it b to be avoided, for 
the sulphur may, under certain conditions of burning, be injurious to 
the resulting cement, but in modem rotary practice, injury rarely 
happens. 

PHYSICAL CHABAOTEBS OF LIMESTONES. 

Owing partly to differences in origin, limestones of different kinds 
show great variations in physical- characters, texture, hardness, color, 
weight, porosity, and compactness, ranging from the loosely con- 
solidated marls and shell beds, through the chalks, to the hard, 
compact normal limestones and the still more compact crystalline 
limestones or marbles. In absorptive properties Mid in density, both 

I Cemmt material dbu HsTra, Uont.: Bull. U. S. G«ol. Survey 33D. tIK>9, pp. 3ZI-3X. 
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of i^ch are of importaace in cement making, the differencee are very 
great. The chalky limeatones may show a specific gravity as low as 
1.8S, corre^xmdii^ to a wei^t of 110 pounds to the cubic foot, 
wfa««aa the compact Umestoaes, commonly used for building pur- 
poses, range between 2.3 and 2.9, correaponding approximately to 
weights of 140 to 185 potmda to the cubic foot. 

¥Wm the point of view of the Portland cement manufacturer these 
variations in physical properties are of economic interest chiefly in 
their bearing on two points — the percent^e of water carried by the 
limestone as quarried and the ease with which the rock may be 
cruAed and pulverized. To some extent the two properties coun- 
terbalance each other; the softer the limestone the more absorbent 
is it likely to be. 

EFFECTT OF HEAT ON LIMESTONE. 

If a practically pure nonmagnesian limestone is heated its carbon 
dioxide is driven oS, leaving quicklime (calcium oxide, CsO). If a 
practically pure magnesian limestone is similarly treated, the product 
is a mixture of calcium oxide and magnesium oxide (llgO) . The rapid- 
ity and perfection of this decomposition can be increased by passing 
steam or air through the burning mass. In practice this is accom- 
plished either by the direct injection of air or steam or more simply 
by thorou^^y wetting the limestone before putting it into the kiln. 

If, however, the limestone contains an appreciable amount of ^ca^ 
alumina, and iron, the effects of heat will not be so simple. At tem- 
peratures of 800° C. and upward these clayey impurities will combine 
with the lime oxide, giving silicates, aluminates, and related salts of 
lime, and will produce a natural cement. An artificial mixture of a 
certain uniform composition, burned at a higher temperature, will 
giv« a Portland cement. 

LIHESTOKE8 USED IN CEAfENT MANUFACTURE. 

As stated on page 42, various types of limestone may be used in the 
manufacture of Portland cement. 

ARQIUACBOUS LDIESTONBS (CEUBNT HOCK). 

An argillaceous limestone containing approximately 75 per cent of 
lime carbonate and 20 per cent of clayey materials (aihca, alumina, 
and iron oidde) would, of course, be the ideal material for use in the 
manufacture of Portland cement, as such a rock would contain within 
itself in the proper proportions all the necessary ingredients. It 
would require the addition of no other material, but when burnt alone 
would give a good cement. This ideal cement material is never 
found, but certain aigillaceous limestones approach it very closely in 
composition. 
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The most important deposit of. these ai^llaceous limestones or 
"cement rocks" is that extensively utilized in Portland cement 
manufacture in the Lehigh district, which comprises parts of Berks, 
Lehigh, and Northampton counties, Pa., and of Warren County, N. J. 
Within this relatively small area are situated 21 Portland cement 
mills, which produce a little over one-third of the entire American 
output. As deposits of the cement rock used by these plants extend 
far beyond the present Lehigh district, a marked extension of the 
district will probably take place as the need for larger supplies of raw 
material becomes more apparent. 

The "cement rock" of the Lehigh district, a highly argillaceoua 
limestone of Ordovician age, is about 30O feet thick. The rock is 
very dark gray and commonly has a slaty fracture. In composition 
it ranges from about 60 per cent lime carbonate with 30 per cent 
clayey material up to SO per cent lime carbonate with 15 per cwt of 
silica, alumina, and iron. The lower beds of the formation every- 
where contain more Ume carbonate than the higher onee. The con- 
tent of magnesium carbonate is high, as Portland-cement material 
I goes, ranging from 3 to 6 per cent. 

Near and in some places immediately beneath this cement rock 

; are beds of purer limestone, containing from 85 to 96 per cent lime 

' carbonate. The usual practice in the Pennsylvania and New Jersey 

plants has been, therefore, to mix a relatively small amount of this 

purer limestone with the low-lime "cement rock" in such proportions 

as to give a proper cement mixture. 

The economic and technologic advantages of such a combination 
are very evident. Both the pure limestone and the cement rock, 
particularly the latter, can be quarried very easily and cheaply. 
^ As quarried they cany but little water, so that the expense of dtying 
them is slight. The fact that about four-fifths of the cement mbcture 
will be made up of a natural cement rock permits coarser grinding 
of the raw mixture than would be permissible in plants using pure 
limestone or marl with clay. When natural cement rock is used as 
part of the mixture less tue\ is probably necessary to clinker the mix- 
ture than when pure limestone is mixed with clay. 

Such mixtures of argillaceous limestone or "cement rock" with a 
small amount of pure limestone evidently possess important advan- 
tages over mixtures of pure hard limestone or marl with clay. Therjr 
are, on the other hand, less advantageous as cement materials than 
the chalky limestones. (See pp. 50-61.) 

The analyses in the table below are fairly representative of the 
materials employed in the Lehigh district. The first four are of 
"cement rock," the last two of the purer limestone. 
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Certain Portland cement plants, particularly in the western part of 
the United States, use combinations of materials closely similar to 
those in the Lehigh district. Analyses are given in the following 
table: 
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In addition to these cement rocks many of the chalky limestones 
(see pp. 50-51) are aufiSciently argillaceous to be classed as such. 
Because of their softness, however, all the chalky limeetones will be 
described together. 



FURB &AKD LOIB8TONB8. 



Soon after the Ameiican Portland cement industry had become 
fairly well established in the Lehigh district attempts were made in 
New York State to manufacture Portland cement from a mixture of 
pure limestone and clay. These attempts were not commercially suc- 
cessful, and although their failure was not due to any defects in the 
limestone used, a certain prejudice arose against the use of the hard 
limestones. In recent years, however, this has disappeared, and a 
very large proportion of the American output is now made from mix- 
tures of limestone with clay or shale. The use of the hard limestone 
is doubtless due in great part to recent improvements in grinding 
machinery, for most of the purer limestones are much harder than 
argillaceous limestones like the Lehigh district "cement rock," and it 
was very difficult to pulverize them finely and cheaply with the crush- 
ing appliances in use when the Portland cement industry was first 
started in America. 

48834"— Bull. 622—13 4 
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Analyses of representative pure hard limestones and of the clays 
or shales with which they are mixed are given in the following table : 

Anabfiet of pvre hard limeiUmet and clayey mattriolt. 
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The first limestone analysis represents a type used in several plants 
in the Middle West. It is a relatively impure limestone, its principal 
impurity being iron oxide. It contains 8.22 per cent of iron oxida 
and alumina, as compared with 1 .72 per cent of silica, and therefore 
great care is required in selecting a suitable high-sifica clay to mix 
with it. 

BOFT LIMBOTONSS (chalk). 

Chalk, properly speaking, is a pure carbonate of lime, composed 
of the remains of the shells of minute organisms, those of Foraminif era 
being especially prominent. The chalks and soft limestones agree 
not only in having usually originated in this way but also in being 
rather soft and therefore readily and cheaply cru^ied and pulverized. 
As Portland cement materials they are therefore almost ideal. One 
defect of these soft, chalky limestones, however, which to a small 
extent counterbalances their obvious advantages is the fact that 
most of them absorb water very readily. A chalky limestone which in 
a diy season will not carry more than 2 per cent of moisture as quar- 
ried may, in consequence of prolonged wet weather, show as high as 
15 or 20 per cent of water. This difficulty can, of course, be avoided 
if care is taken in quarrying to avoid unnecessary exposure to water 
and, if necessary, to provide faciUties for storing a supply of the raw 
materials during wet seasons. 

The chalks and chalky limestones are confined almost entirely to 
certain Southern and Western States. They are all of approximately 
the same geologic ages — Cretaceous or Tertiary — and are mostly 
confined to one division of the Cretaceous. The pnncipal chalk or 
soft limestone deposits available for use in Portland cement manu- 
facture occur in three widely separated areas, in (a) Alabama and 
Mississippi, (&) Texas and Arkansas, and (c) Iowa, Nebraska, North 
and South Dakota. 

In composition these chalks, or " rotten limestones," vary from a 
rather pure calcium carbonate, low in both magnesia and clayey 
materials, to an impure clayey limestone requiring little additional 
clay to make it fit for use in Portland cement manufacture. The 
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aaaljses ia the table below show the range of compositioa of the 
chtUky limestones. 

Analyt«$ o/ chaOtg limeitonet. 
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FRB8B-WATEK MARLS. 



Marls, in the sense in which the term is used in the Portland cement 
industry, are incoherent limestoaes which have been deposited in the 
basins of existing or extinct lakes. So far as chemical composition is 
concerned, marls are practically pure limestones, being composed 
almost entirely of calcium carbonate. Physically, however, they are 
granular, incoherent deposits, differii^ greatly from the compact 
rocks commonly called limestones. Their curious physical character 
is due to the conditions under which they were deposited. 

The above definition of marl is that commonly used in the cement 
industry, but in geologic and agricultural reports, particularly in 
those issued before the Portland cement industry became prominent 
in this country, the term has been used for several very different sub- 
stances. The following three uses of the term have been particularly 
common, and must be guarded against when such reports are being 
examined for descriptions of deposits of cement materials: 

(1) In early days the terms "marls" and "marlytes" were applied 
to calcareous shales and often to shales which were not particularly 
calcareous. This use of the term will be found in many of the eariier 
geol(^c reports issued by New York, Ohio, and other interior States. 

(2) In New Jersey and in the States farther south that border on 
the Atlantic and Gulf of Mexico the term ' ' marl ' ' is commonly applied 
to deposits of soft, chalky, or unconsolidated limestone, much of 
which contains considerable clayey and phoaphatic matter. Theee 
limestones are of marine origin and are not related to the fresh-water 
marl deposits here discussed. 

(3) In the States mentioned in the last paragraph, but particu- 
larly in New Jersey and Viiginia, large deposits of the so-called 
"greensand marls" occur. This material is in no way related to the 
true marls, which are essentially hme carbonates, but is almost 
entirely an iron silicate, with very small percentages of clayey, calca- 
reous, and phosphatic matter. 

The exact cause of the deposition of marls has been the subject of 
much investigation and discussion, particularly since they have 
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become of economic importance. The most important papers con- 
cerning this question are as follovra: 
Blatohlbt, W. S., and Abhlbt, G. K., The lakes of nordierD Indiana and their 

associated marl deposits: Twenty-fitth Ann. Rept. Indiana Dept. Oeol. and Nat. 

Ree., 1900, pp. 31-321. 
Datis, C. a., a contribution to Che natural history of marl: Jour. Q«ology, vol. 8, 1900, 

pp. 485-497. 
Second contribution t« the natural history of marl: Jour. Geology, vol. 9, 

1901, pp. 491-506. 
A contribution to Uie natural history of marl: Rept. Michigan Geol. Survey, 

vol. 8. pt. 3, 1900, pp. 66-102. 
Lahb, A.G., Notes on theoriginof Michigan bog limes: Rept. Michigan Geol. Survey, 

vol. 8, pt, 3, 1900, pp. lW-223. 
Disregarding pointa in controveray, which are of no practical 
importance, it may be said that marls -are deposited in lakes from 
spring or stream waters carrying lime carbonate in solution. The 
actual deposition is due in part to purely physical and chemical 
causes, and in part to the direct or indirect action of animal or vege- 
table life. The result in any case is that a calcareous deposit consist- 
ing of hme carbonate, mostly in a finely granular form, interspersed 
with shells and shell fragments, forms along the sides and over the 
bottom of the lake. 

The geographic distribution of marl deposits is intimately related 
to the geologic history of the region in which they occur. Marl beds 
are the result of the filling of lake basins. Lakes are not common in 
the United States, except in areas which have been glaciated, for 
they are in general due to the damming of streams by glacial material. 
Workable marl deposits, therefore, are confined almost exclusively 
to those portions of the United States and Canada lying north of the 
southern limit of the glaciers. 

Important beds occur in the New England States, in central and 
western New York, in Michigan, and in northern Ohio, Indiana, and 
Illinois. Marl occurs also in Wisconsin and Minnesota but has not 
yet been exploited in these States for cement manufacture. 

Most marls are very pure lime carbonates and require the addition 
of considerable clay to fit them for use in making Portland cement. 
They are readily excavated, but necessarily carry a la^e proportion 
of water. On this account the mixture is commonly made in the wet 
way, which necessitates driving off a laige amount of water in the 
kilns. Analyses of typical marls and clays are given in the following 
table: 

Atm^mi ^ jaarli and clagi vted in cement planU. 



CUy. 



BlUeXSIOi) 

AluminB (AliOi) 

Irui tolde (FsiOi) 

Lime cvboiute (CaCOi 



'ircb.).; 
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8BILL Dapoerra. 
Some marl deposits consist largely of the shells of fresh-water mol- 
lusks. The shell deposits here described, however, are of different 
type, being marine in origin. They make up distinct and often lar^ i 
beds in several Tertiary formations along the Atlantic coast and are ' 
now used as cement materials at Norfolk, Va. Kecent sheUs, made 
avulable by the oyster industry, are also used in making lime. 

At numerous horizons in the Eocene and Miocene of the Atlantic 
and Gulf coast Tertiary, beds composed largely or entirely of shells are 
found. In places the shells are simply packed closely together, with no 
appreciable amount of foreign matter present. At other points con- 
temporary or later mixture with clay or other impurity has occurred. 
The most striking of these accumulations of fossil shells are in 
Viigiuia, Korth Carolina, and South Carohna, though similar deposits 
occur in the other South Atlantic and Gulf States. 

As oyster sheila are now burned into lime at Baltimore, Norfolk, 
and New Orleans, and as attempts may soon be made to utUize them 
as Portland cement material, their average composition is of tech- 
nol(^c interest. A search of existing literature on the subject, made 
a few years ago, disclosed very few papers bearing on the composi- 
tion of commercial shell, as procurable in cargoes. Some analyses 
of shell had been reported, but most of these analyses were made for 
scientific purposes, and the chemist selected the purest and cleanest 
shell obtainable. 

During recent work on the marl deposita of eaatem North Carolina 
by the author, occasion was taken to sample some cargoes of oyster 
shells unloaded at Newborn, N. C. The samples were averaged and 
analyzed by A. J. Phillips at the St. Louis laboratory of the Survey, 
with the following results : 

Analytii qfoyiter ihellt (Atlantic axM\ 

8mcft{8iOa) 1.64 

Aiuinin* (Aljt),) 26 

Iron oxide (Fe^) 20 

Lime(CaO) 63.07 

Magneda (HgO) 80 

PotoA(K^) 22 

Soda{Sa,0) 31 

Sulphur Irioxide (S0») 31 

LoHsin ignition 43.24 

Moiatuie 20 

A recent report on Mississippi cement materials contains another 
analysis of commercial shell, which is reprinted here for comparison. 
This analysis represents the average of a lot of shell from Biloxi, 
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Armtytu of oytUr thdit (Gvlf eoatt). 

Silica (SiOJ 6.30 

Alumina (AljO^ 73 

Iron oxide (Fe^) 57 

Lime(CBO) 5a2S 

Magnesia (MgO) 45 

Sulphur trioiide (SO,) 25 

Carbon dioxide (COj) 41.39 

Moietuie 60 

This Mississippi sample is rather more impure than that from 
North Carolina, the principal difference being in its relatively higher 
percentage of silica. 

These analyses indicate that commercial shell, as obtainable in 
quantity along the Atlantic and Gulf coasts, is about equivalent in 
composition to the purest limestones ordinarily quarried. Th»^ 
is no question whatever as to the value of such a product for use in 
lime burning, and there is a fair possibility that it may become useful 
as a cement mateiiaJ. There are, of course, no chemical difficulties 
connected with its use for the latter purpose. The questions which 
would arise would relate to the coat of pulverizing such materials, 
on which no data exist; and on the possibility of obtaining a suffi- 
ciently large and steady supply of shell at a coast point where fuel 
is cheap and good clays are convenient. 

The following papers contain data or references to the subject of 
shell composition: 

Brown, L. P., and Eodisb, J. 8. H., Analysia ot oyiter abeUaand oyMer^hell lime: 

Am. Chem. Jour., vol. 11, 1SS9, pp. 36-37. 
Cridbr, A, F., Cement and Portland cement materials of MiseiKippi: Bull. Miseiarippi 

Geol. Survey No. 1, 1907. p. 25. 
EczEL.E.C, The compositJon of recent ahellH: CementAge, vol. 6, 1908, pp. 244, 421. 
How, Dr., On the comparative compoaition of some recent diells, a Silurian foBsil 

diell, and a Carboniferous shell limestone; Am. Jour. Sci., 2d eer., vol. 41, 1866, 

pp. 379-384. 

ALKAU TABTB. 

A very large amount of waste results from the manufacture of 
caustic soda. This waste material is chiefly a precipitated form of 
calcium carbonate and if sufficiently free from impurities furnishes 
a cheap source of lime for use in Portland cement manufacture. 

The availabihty of slkall waste for cement making depends largely 
on the process used at the alkali plant. Leblanc-process waste, for 
example, carries a very lai^e proportion of sulphides, which prevent 
its use as a Portland cement material. The ammonia process, on 
the other hand, generally yields very pure lime, mostly carbonate, 
though partly lime hydrate. As pyrite is not employed in the ammo- 
nia process, the waste is usually low enough in sulphur to be used 
as cement material. The waste may carry a small or a very laige 
proportion of magnesia, the percentage varying according to the 
character of the limestone used in the alkali plant. If a limestone 
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low in magnesium carbonate has been used the resulting waste is a 
very a atia factory Portland cement material. 

The following analyses fairly represent the waste at alkali plants 
using the ammonia process : 

Analyu* ofalkaU watU. 



SUbafBIOi) 

AhimUik (AhOi) 

Inm ozlda (FeA) 

UmXCkO) 

IbcnalafttiO) 

AlkallB<NB,0, KtO). 
BulphDT teoxide (SO|) 

BolpilnrfS) 

CmAoa dioxide (CO,). 
W>Ur And orgmnlc mal 



( .,., 



Of the analyses quoted, those in the first and third columns repre- 
sent materiob used in Portland cement manufacture in England and 
the United States. The second and fourth columns represent wastes 
too high in magnesia to be advisable for such use. 

BU8T-FUKNADB HLAO. 

True Portland cements, which must be sharply distinguished from 
the slag (or puzzolan) cements (see p. 18), con be made by burning a 
finely powdered mixture of blaatr-fumace slog and limestone and 
pulverizing the resulting clinker. 

The slags from iron furnaces consist essentially of lime (CaO), silica 
(SiO,), and alumina (Al,Oi), though small percentages of iron oxide 
(FeO), magnesia (MgO), and sulphur (S) are commonly present. Slag 
may ther^ore be r^arded as a very impure limestone or a very 
calcareous clay, from which the carbon dioxide has been driven off. 
In the United States several plants belonging to the United States 
Sted Corporation manufacture true Portland cement from slag. 

The slag used at a German Portland cement plant has the following 
range in composition : 

AnalytiM ofilag toed in Portland eemtnt manufatturt. 

8aica(SiOi) 30.0-35.0 

Alumina (AljO,) 10. 0-14. 

Iron oxide (FeO) 2- 1. 2 

Lime (CaO) 40.0-49.0 

Uagneriimi oxide (UgO) 5- 3.S 

Sulphur Irioxide (SOj) 2- .6 

ISON-BXASZNa HATEBIAI.S. 

During recent years considerable attention has been paid to the 
development of Portland cements carrying relatively hi^ iron and 
low alumina. Cements of this type are said to be better than high- 
alumina cements for use in salt or alkaline waters and to be equally 
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good for other usee. If these advantages can be proved, there is of 
course considerable room for the development of this type. 

In making high-iron and low-alumina cements the shale or clay 
used in the ordinary cement mixture is replaced either by iron ore 
(Michaelis process) or bygreensand (Spencer-Eckel process). Either 
gives a product low in alumina and relatively high in iron. The 
relative advantages of the two methods of procedure can not well be 
discussed in this place. It is of technologic and commercial interest 
to note, however, that when greensand is used a valuable potash 
by-product is recoverable during the process. 

CI.ATS Ain> SHAUBS. 

COMPOSITION. 

For use as Portland cement materials clays or shales should be free 
from gravel and sand, as the sihcs present as pebbles or grit is prac- 
tically inert in the kiln unless ground more finely than is economically 
practicable. In composition they should carry not less than 55 per 
cent of silica, and preferably from 60 to 70 per cent. The alumina 
and iron oxide together should be not more than half as great aa the 
silica, and the composition will usually be better if they are only 
about one-third. Nodules of lime carbonate, gypsum, or pyrite, if 
present in any quantity, are undesirable, though the lime carbonate 
is not absolutely injurious. Magnesia and the alkalies should be low, 
preferably not above 3 per cent. 

VABIETIES. 

Clays are ultimately derived from the decay of older rocks, the finer 
partides being carried off by streams and deposited along channels, 
in lakes, or along parts of the seacoast or sea bottom. In chemical 
composition the clays are made up essentially of silica and alumina, 
though ne&riy all contain more or less iron oxide and many contain 
lime, magnesia, alkali, and sulphur, but usually in small percentages. 

Shales are clays which have become hardened by pressure. The 
so<«aIled "fire clays" of the "Coal Measures" are shales, as are many 
of the other "clays" of commerce. 

Slates, so far as origin is concerned, are merely a form of shale in 
which a fine, even, and parallel cleavage has been developed by pres- 
sure. In composition, therefore, they vary exactly as do the shales, 
and so far as composition is concerned they deserve no greater atten- 
tion as a Portland cement material than any other ahale. Commercial 
considerations in the slate industry, however, give slate considerable 
local importance. In preparing either roofing slate or mill stock for 
market there is enormous waste, so much material being lost in split- 
ting, sawing, and dressing that only 10 to 26 per cent of .the rock 
quarried reaches the market, the remaining 75 to 90 per cent going 
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to the dump heap. This waste is not only of no value but is a con^ 
tinual source of trouble and expense to the slate quarryman, and any 
method of disposing of it dieaply, even if it did not yield a direct 
profit, would interest him. 

Much of this slate waste is of proper composition for use, in combi- 
nation with limestone, in a Portland cement mixture, as is indicated 
by the table below, which was prepared by the writer some time 
ago for another purpose, but which is of interest here. It is based 
on many analyses of American roofing slates obtained from a number 
of widely separated slate-producing districts, and its results can be 
accepted as fairly representative. 
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The table shows the possibilities of slate waste in the Portland 
cement industry and also its limitations. As a troublesome waste 
product, the refuse slate could be obtained at the cost of handling by 
a cement plant near a slate quarry. The waste slate would be service- 
able enough, so far as chemical composition is concerned, and could 
be used in place of day or shale in the cement mixture. To the cement 
manufacturer it would be worth as much as an equivalent amount of 
clay or shale, but no more. 

EXCAVATION OF BAW UATEEUALS. 

The natural raw materials used in Portland cement manufacture 
are obtained by quarrying, mining, or dredging, the method employed 
depending on the physical character of the material and the topo- 
graphic and geolc^c conditions. 

QUABBTINQ. 

The term "quarrying," as here used, includes all methods of 
obtaining raw materials from open excavations — quarries, cuts, or 
pits — ^whether the material be hmestone, shale, or clay. Quarrying is 
the most natural and common method of excavating the raw materials 
for cement manufacture. If mari, which is usually worked by dredg- 
ing, be excluded from consideration, probably 95 per cent of the raw 
materials used at American Portland cement plants is obtained by 
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quarrying. If marls be included the percentages excavated by the 
different methods would probably be about as follows: Quarrying, 
92 per cent; dredging, 6 per cent; mining, 2 per cent. 

In most limestone quarries the material is blasted out and loaded 
by hand on cars or carts. In a few limestone and in more shale 
quarries a steam shovel does the loading. In certain clay and shale 
pita the steam shovel does all the work, both excavating and loading 
the raw materials. 

At most quarries the rock is shipped to the mill as quarried, without 
any treatment except sledging to convenient size for loading. At a 
few, however, crushing plants are installed, from which the rock is 
sent as crushed stone to tKe mill. At some quarries driers are used, 
the stone being dried before it is shipped to the mill. Except for sav- 
ing mill space, this practice seems to have little to commend it. 



The term "mining," as distinguished from "quarrying," denotes 
methods of obtaining any kind of raw material by undei^rouud work- 
ings, through shafts and tunnels. Mining is, of course, rarely em- 
ployed in excavating substances having a value to the ton so low as 
the raw materials for Portland cement. In some places, however, a 
thin bed of limestone or shale is overlain by so great a. thickness of 
other strata that mining is cheaper than stripping and quarrying. 

Mining is considerably more expensive than quarrying, but it has a 
few advantages that partly counterbalance the greater cost per ton 
of raw material. A mine can be worked steadily and economically 
in all kinds of weather, whereas an open cut, or quarry, is commonly 
more or less unworkable for about three months of the year. Mate- 
rial won by mining is, moreover, always dry and clean. 



The term "dredging" as here used includes all methods of exca- 
vating soft, wet raw materials. In the United States the only raw 
material for Portland cement manufacture extensively worked by 
dredging is marl. In a few places the clay used is obtained from 
deposits overiain by more or less water; but this is rare except where 
the marl and clay are intcrbedded or associated. 

A marl deposit, in addition to containing much diffused water, is 
usually covered by water to a considerable depth. Many such 
deposits require the partial draining of the basin to enable tracks to 
be laid near enough to be of service. 

In dredging marl the excavator is in many places mounted on a 
barge, which floats in water in a channel made by previous excavation. 
At a few deposits which either were originally covered by vMy little 

^ter or which have been drained, the shovel is mounted on a car 
runs on tracks laid along the eclge of the deposit. 
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A deposit worked by dreeing lies in a basin or depression at a 
lower elevation than the mill, thus necessitating uphill transporta- 
tion, which may be effected in two ways, the choice depending largely 
on the manufacturing process used. At most plants using dome or 
chamber kilns, or at plants where the marl is to be dried before it ia 
sent to the kiln, the excavated material ia loaded by the shovel on 
cars and hauled to the mill by horse or steam power. At normal 
marl plants using a very wet mixture it is probably more economical 
to dump the marl from the excavator into tanks, add sufficient water 
to make it flow readily, and pump the fluid mixture to the mill in 
pipes. 

COST OF BAW KATBBIALS AT UHX. 

The most natural way, perhaps, to express the cost of the raw 
materials delivered at the mill would be to state it as being so many 
cents a ton or cubic yard, and this is the method followed by quarry- 
men or miners in general. To the cement manufacturer, however, 
such an estimate is not so suitable as one based on the cost per ton or 
barrel of finished cement. 

It may be considered that hard and comparatively dry limestones 
or shales lose 33^ per cent in weight on burning, or that 600 pounds 
of dry raw material will make about 400 pounds of clinker. Allowing 
something for other losses in manufacture, it is convenient and 
sufficiently accurate to estimate that 600 pounds of dry raw material 
will give one barrel of finished cement. The raw material must be 
increased if it carries any appreciable amount of wa^r. Many clays 
contain 15 per cent or more of water; and soft chalky limestones, if 
quarried during wet weather, may carry over 20 per cent. A Portland 
cement mixture composed of a pure chalky limestone and a clay 
might, therefore, average 10 to 20 per cent of water; consequently 
about 700 pounds of such a mixture would be required to make one 
barrel of finished cement. 

With marls the loss on drying and burning is much greater, 
Russell states * that according to determinations made by E. D. 
Campbell, 1 cubic foot of marl, as it usually occurs in the natural 
deposits, contains about 47J pounds of lime carbonate and 48 pounds 
of water. In making cement from a mixture of marl and clay, 
therefore, it would, be necessary to figure on excavating and trans- 
porting over 1,000 pounds of raw material for every barrel of finished 
cement. 

Thus the cost of raw materials at the mill, per barrel of cement, 
will vary not only with the cost of excavation but with the kind of 
materials in use. In dealing with hard dry materials extracted from 
open quarries near the mills the cost of raw materials may range from 
8 to 15 cents a barrel of cement. The lower figure ia probably about 

1 Twanty.aeO)nd Aon. Bept. U. 8. Oeol. Survey, pt. 3, 1902, p, 667. 



60 POBTLAKD CEMENT MATSBIALS OF UNTTID STATES. 

the lowest attaiDable under good maoagement and favorable natural 
conditions; the higher figure is probably a maximum for fairly careful 
management of a difficult quarry under eastern labor conditions. 
If it is neccBsuy to mine the materiaLs the cost will be some'nrtiat 
increased. Cement rock has been mined at a cost equivalent to 10 
cents a barrel of cement, but only under particularly favorable con- 
ditions. The cost of mining and transportation may reach 20 cents 
a barrel. 

With regard to wet marls and clays, it is difficult to give even an 
approximate estimate. It seems probable, however, when the dead 
weight handled is allowed for, that these soft materials delivered at 
the mill will cost about half as much per barrel of finished cement as 
the hard dry limestones and shales. 

FUXX8 U8£I> IN PORTLAND CEMENT MANUFACTURE. 
THE TTSB8 OF FUEL. 

In the Portland cement industry, as at present conducted, fuel is 
put to two distinct uses, and for each use the tonnage required is 
heavy when compared to the output of cement. The fuel supply of a 
cement plant b therefore but little, if at all, inferior in importance to 
the supply of limestone and shale. 

The fuel is used for burning the materials and for power. By far 
the greater number of American plants need fuel for both purposes, 
though a few plants, mostly in the West, derive their power from 
hydroelectric installations. 

The fuel used in power plants needs no further discussion here. 
With regard to kiln fuels the case is different, and certain features of 
their selection and use may be profitably considered. 

KIIrN FUEIiS. 

RELATIVE IMPOBTANCB. 

The fuels that may be used in the rotary kiln of modem Portland 
cement practice are powdered coal, petroleum, and gas. The present 
relative importance of these three types of kiln fuel is brought out in 
the following table, which is based on statistics collected by the 
United States Geological Survey in 1911: 
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In further explanation of the above figures, it may be said that 
petroleum is used in the kilns of all the cement plants operating in 
California and in part of those in Kansas, Missouri, Washington, and 
Texas. Natural gas was used in 1911 by about half the plants 
operating in Kansas and by one plant in Oklahoma. In 1907 a suiall 
output of cement was burned with producer gas, and although none 
at all was burned with it in 1911, it is possible that this fuel will 
become sli^tly more important in future. At present the uso of 
producer gas in the kiln is justified only where good coal is dear and 
poor coal or hgnite is cheap; or, more exceptionally, where the product 
would be injured by coal ash, as where a white Portland cement is 
manufactured. 

COAL. 

CtURACTBK. 

The coal used as fuel in the rotary kiln is bituminous coal, prefer- 
ably high in volatile matter and low in fixed carbon, ash, and sulphur. 

The following analyses, published by Kussell, are fairly representa^ 
tire of West Vii^nia and Pennsylvania coals used as kiln fuel at 
different Portland cement plants: 

Anafyte* of eemmt-kiln coaU. 
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The kiln coal as bought from the mines is commonly slack, but is 
occasionally " run of mine." liun-of-mine coal must be crushed, often 
through rolls, before proceeding further, but slack can go directly to 
the drier in preparation for its fine reduction. 



FRBPABATION 



Coal aa bou^t may carry as high as 15 per cent of water in winter 
or in wet seasons. Usually it will run from 3 to 8 per cent. To obtain 
good results from the crushing machinery this water must be driven 
off. For coal drying, as for ^e drying of raw materials, the rotary 
drier seems best adapted to American conditions. It should be said, 
however, that in drying coal it is usu^ly considered inadvisable to 
allow the products of combustion to pass through the cylinder in 
which the coal is being dried. This restriction serves to decrease 
slightly the possible economy of the drier, but an evaporation of 6 
to S pounds of water per pound of fuel coal can still be counted on 
with any good drier. The fuel cost of drying coal containing 8 per 
cent of moisture, allowing $2 per ton for the coal used as fuel, will 
therefore be about 3 to 4 cents per ton of dried product. 

,. II Google 
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Though apparently brittle enough when in large lumps, coal is 
difficult to pulverize finely. For cement^kiln use the fineness of 
reduction ia extremely variable. Tte finer the coal the better tlie 
results obtained from it in the tdln, and the poorer the qu^ty of 
the coal the finer it must be pulverized. The fineness attained in 
practice may therefore vary from 85 to 95 per cent or even more 
through a 100-mesh sieve. At one plant a very poor but cheap coal, 
pulverized to pass 98 per cent through a 100-mesh sieve, gives very 
good results in tlie kiln. 

Coal is usually pulverized by two operations, being first crushed to 
20 to 30 mesh in s Williams mill or ball mill and finally reduced in a 
tube mill. At many plants, however, tlie entire reduction takes place 
in one stage, Grifiin, Raymond, or Huntington mills being used. 

The total cost of crusliing (if necessary), drying, and pulverizing 
coal, and of conveying and feeding the product to the kiln, together 
wiUi fair allowances for replacements and repairs and for interest on 
tlie plant, will probably range from about 20 to 30 cents per ton of 
dried coal, equivalent to 1 to 2 cents per barrel of cement. Tliis may- 
seem a heavy addition to tlic cost of cement manufacture, but it 
must be borne in mind that complete drying and fine pulverizing 
enable the manufacturer to use much poorer and therefore cheaper 
grades of kiln coal tlian he otherwise could. 



At different times and at different American plants fluxing mate- 
rials of one sort or another have been added to the raw mixture in 
order to promote combination of the sihca and lime in the kiln. 
Among the materials used for this purpose are iron oxide, fluorspar, 
cryolite, and several alkaUne compounds. 

Under normal conditioiLs and when the plant has ordinarily good 
raw materials at its disposal it may be taken for granted that the 
use of fluxing materials causes more trouble tlian it is worth. The 
burning temperature can he. appreciably lowered by this means, it 
is true, but rarely in a regular and .steady way. 

However, wlien the plant is compelled to run on poor raw mate- 
riab — a clierty hmestone, a high-silira and low-alumina clay, or the 
Uke — then the use of some fluxing material may be not only justifi- 
able but absolutely necessary. 

HETARDEB8. 

The Portland cement produced in tlie modem rotary-kiln process 
is invariably so quick-setting naturally as to require the addition 
of some retarder in order to make it satisfactory for general struc- 
tural use. The retarder almost universally used at present is sulphate 
of lime. This substance, when added to cement in quantities up to 
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2^ or 3 per cent, retards the rate of set of the cement almost propor- 
tionately to the amount used and up to the limit mentioned appears 
to exert no appreciable injurious infiuence on the strength of the 
cement. When more than 3 per cent ia added to the cement, how- 
ever, the retarding influence of the lime sulphate becomes much less 
marked, and a decided weakening of the cement is noticeable. Most 
cement speciflcations, therefore, contain limitations on the amount 
of Bulphur tiioxide to be contained by the cement, and this amounts 
to a restriction on the amount of lime sulphate that can be added. 

Sulphate of lime may be added in either of two forms — as crude 
gypsum or as burned plaster. Crude gypsum is a natural hydrous 
sulphate of lime, containing approximately SO per cent of lime sul- I 
phate-and 20 per cent of water. If this gypsum be calcined at a 
rdatively low temperature, most of its combined water will be driven ' 
off. The resulting burned plaster carries about 93 per cent of lime 
uilphate and only 7 per cent of combined water. 

In Portland cement manufacture either gjrpsum or burned plaster 
may theoretically be used to retard the set of the cement, but 
gypsum is almost miiversally employed in the United States. This j 
is'UlSfety a question of cost. It is true that to secure the same 
amount of retardation it is necessary to add a little more gypsum 
than burned plaster, but gypsum is much cheaper than burned 
plaster. It is of course obvious that if cheap supplies of sulphuric 
acid were available, the atad could be added in solution as a spray 
on the cement clinker. Lesley experimented with the process some 
yeaiB ago, and apparently the only obstacle to its introduction was the 
high cost of acid. At some localities, however, sulphuric acid would 
seem to-day to be available in competition with gypsum. 

The addition of the gjrpsum to the clinker is usually made before 
it has passed into the ball mill, pulverizer, or whatever mill is in 
use for prdiminary grinding. Adding it at this point insures much 
more thorough mi-ring and pulverizing than if the mixture were 
made later in the process. At some of the few plants which use 
plaster instead of gypsum the finely ground plaster is not added 
untO the clinker has received its final grinding and is ready for storage 
or packing. 

VAT.lTATTOV OP DEPOSITS OF CEMENT MATERIALS. 



Very erroneous ideas appear to be current concerning the value of 
deposits of cement materials. It should be clearly understood that 
in most parts of the United States excellent cement materials are 
common, and that the commercial value of undeveloped deposits of 
such materials is necessarily slight. In most of the Eastern, Southern, 
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and Middle Western States there is no difficulty whatever in securing 
lands containing limestones suitable for cement manufacture at prices 
ranging from $5 to $50 per acre, and only exceptional circumstances 
would allow any cement deposit to be valued at more than the latter 
price. As indicated below, the value of the deposit depends less 
upon the character of the materials than upon other factors, promi- 
nent among which are the general scarcity of limestone and the 
demand for good limestone in each particular area. 

A^ an illustration of the effect of these factors in influencing the 
value of a limestone deposit, the Bangor limestone of Alabama may 
be considered. In northern Alabama as well as in adjoining por- 
tions of Tennessee and Geoigia the Bangor limestone of the Missia- 
Edppian series (lower Carboniferous) shows great thickness and 
purity; at many places it is 300 to 600 feet thick, and it is mostly 
very low in magnesia and otherwise entirely acceptable as a cement 
material. Generally, too, excellent cement shales (of CSinton age) 
occur near the limestone, and in many places workable coal beds are 
found in its vicinity. 

Yet with all these conditions in its favor it is probably safe to say 
that in northern Alabama thousands of acres xmderlain by this 
Bangor limestone could be purchased at $10 to $20 an acre, and 
even at the lower price named such a purchase would prove an 
exceedingly bad investment for a cement manufacturer. Two of 
the prime requisites for a high limestone valuation are here lacking — 
there is no market and therefore no particular reason to build a cement 
plant in this particular area, aad even if a cement market should 
some time develop there, the available acreage of limestone is so 
great that no element of monopoly value can be %ured into its 
valuation. 

The ^ect of these two elements — demand and scarcity — can be 
brought out well by supposing a 100-acre tract of this northern 
Alabama limestone land to be transplanted to some spot where non- 
magnesian limestone is in demand and where it is scarce. Buffalo, 
Chicago, and New York City are three striking instances of important 
points where suitable local limestones are obtainable either with 
difficulty or not at all. The 100-acre tract of Bangor limestone 
moved to Buffalo would be cheap to-day at $10,000 an acre; if 
within striking distance of the New York market its value might 
easily be many times that. 

These extreme instances of low and high valuation have be«i 
cuted merely to impress the fact that ordinarily a deposit of cement 
material is valued not according to the properties of tiie material 
itself, but according to the demand for such material in the immediate 
vicinity and the local scarcity of similar deposits. 
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The determination of the possible value for Portland cement 
manufacture of a deposit of raw material is a complex problran, 
depending on a number of distinct factors, the more important of 
which are (1) chemical composition, (2) physical character, (3) 
amount available, (4) location with respect to transportation routes, 
(5) location with respect to fuel supplies, (6) location with respect to 
markets. Ignorance of the respective importance of these factors 
frequently leads to an overestimate of the value of a deposit of raw 
material. 

OHEiaOAL COKPOSITION OF lUTBBIAL. 

The raw material must be of correct chemical composition for use 
as a cement material. This implies that the material, if a limestone, 
must contain as small a percent^e as possible of magnesium carbon- 
ate. Under present conditions 3 to 4 per cent is the maximum 
permissible. Free siUca, in the form of chert, Qint, or sand must be 
absent or present only in small quantity, say, I per cent or less. If 
the limestone is a clayey hmeetone or "cement rock," the proportion 
between the sihca and its alumina and iron should fall within the 

SiO, ■s.g. SiO, ^3 5 

A. day or shale should satisfy the above equation, and should be free 
from sand, gravel, etc. 

The nearer a limestone approaches in composition the' mixture 
used in Portland cement manufacture the greater its value for that 
purpose, for it will require the addition of less extraneous material to 
make the mixture absolutely correct in composition. The following 
are analyses of Portland cement mixtures ready for burning, as used at 
various large cement plants in the United States: 



Anah/Mo/PoHlmdcem 


«nt mtztum. 










' 


» 


' 


* 




1 


13.11 

76. S3 




14.M 


























The usual mixtures carry from 75 to 77 per cent of lime carbonate. 
If this be borne in mind, it is obvious that there is a great advantage in 
using, aa one of the raw materiab, a limestone of about this degree of 
purity. If rock of this composition occure in sufficient quantity, it 
would require but httie admixture of other materials to keep the 
cement correct in composition. 
48834'— Bull. 622—13 5 
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PHT8ICAL CHABAOTBB OP UATSBIAL. 

Economy in excavating and crushing requires that the raw naa-te- 
rials should be aa soft and as dry as possible. On this account chert ;y 
limestones, very wet chalky limestones, and wet sticky clays are 
disadvantageous raw materials. 

AM.OUST OF UATBBZAL ATAIZ.ABI2. 

Each barrel of cement made will require the use of approxiina.t 
450 pounds of limestone and 150 pounds of day or shale. A pic 
making 1,000 barrels per day will therefore use, is the course of 
ordinary year, about 66,000 tons of limestone and 22,000 tons 
clay or shale. Assuming average density for these materials, a 1 ,00 
barrel plant will use up almost 1,000,000 cubic feet of limestone a yea 
together with 250,000 cubic feet of shale. 

As the investment in plant is heavy, it would be folly to locate . 
cement plant, under ordinary circumstances, with less than 21 
years' supply of raw materials in sight. A thousand-barrel plant, 
therefore, should have 20,000,000 cubic feet of limestone and 5,000,000 
cubic feet of clay or shale on its properties. 

LOCATION OP PLAirr. 

LOCATION WITH RESPECT TO TRANSPORTATION ROUTES. 

Portland cement is bulky for its value, and the cement business is 
therefore much affected by transportation rates. To locate a plant on 
only one railroad, unless the railroad ofEcials are financially connected 
wit^ the cement plant, is simply to invite disaster. At least two trans- 
portation routes should be available, and it is best of all if one uf 
these be a good water route. 

LOCATION WITH RESPECT TO FUEL SUPPLIES. 

Every barrel (380 pounds) of Portland cement marketed implies 
that at least 200 to 300 pounds of coal have been used in the power 
plant and the kilns. In other words, each kiln in the plant will, with 
its corresponding crushing machinery, use up from 6,000 to 9,000 
tons of coal a year. The item of fuel cost is therefore highly important 
for in the average plant about 30 to 40 per cent of the total cost of 
the cement will be chai^abie to coal. 

LOCATION WITH BESPBOT TO MABEETS. 

In order to achieve im established position in the trade, a new 
cement plant should preferably have a local market area, witiiiri 
which it may sell practically on a noncompetitive basis, and easy 
access to a lai^er though competitive market area. 
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PART m. PORTLAND CEMENT RESOURCES OF THE 
UNITED STATES. 

INTRODrcnON. 

In the following pages the States are taken up in alphabetic order, 
and the well-known available Portland c«ment materials of each are 
described, whether these materials are now utilized or not. If Fort- 
land cement plants (U'e now in operation in any given State, brief 
jummanea of the raw materials they use, the processes they follow, 
and otherdetails of technical or historical interest connected with their 
work are usually given. Most of these descriptions were originally 
based' on the results of the writer's field work done during 1903 and 
1904 for the United States Geological Suii^ej, in the course of which 
most of the cement plants then operating in the United States were 
visited. In the present bulletin the descriptive matter relative to 
plants has been brought up to date as fully as seems advisable, it 
being borne in mind that the chief concern of this bulletin is with raw 
materials and not with manufacturing methods or trade conditions. 
In this revision essential contributions by E. F. Burchard have been 
incorporated, in addition to the sections directly credited to him. 
As shown in Plate I, Portland cement plants are now in operation in 
24 States. 

The following table gives the main facts regarding the occurrence 
of the more important cement materials in the various States. 

Id this table four symbols, are used to denote d^rees of abundance 
or rarity. A indicates the occurrence of laige and widely distributed 
deposits; B indicates the occurrence either of a few large deposits or 
of a number of small ones ; C indicates the occurrence of a few small 
depceits only; indicates that the material is ^ther absolutely want- 
ing or is so scarce as not to be of commercial importance. 

In regard to the fuel supplies noted in the table, a word of caution 
is necessary. The term "coal" is here limited to such coals as can be 
used in cement manufacture with reasonable economy. Peat, lig- 
nite, and many western "coals" are therefore omitted. 

The cement resources of the various States can not be described in 
uniform detail. In some States the hmestones have been accurately 
mapped throughout their extent and numerous analyses are available. 
In such States more detailed dbcussion of the cement resources is pos- 
sible than in those in which geologic mapping is less advanced. For 
some of the States the descriptions are unsatisfactory, but it would 
have been impossible adequately to repair these defects of omission 
in any reasonable length of time. 
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PORTLAND CEMEKT MATERIALS OF UNITED STATES. 
Oeaarenet of the more importarU <^naU ToalaiaU, by State*. 
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of waM of Great Bait Lake. 

It will be noted that the descriptions of the cement resources ol 
certain States have been prepared by other geologists, in which case 
they are signed by the individual authors. Full credit has been 
given in notes for coatributions of less extent and for quotations from 
reports already published. Brief bibliographies are attached uuder 
each State, where the pubhcations seemed important enough to 
justify. Many references are made, in footnotes, to reports of State 
surveys or of the United States Geological Survey. Such reports, 
if not out of print, may usually be obtained, either free or at a notninal 
price, on application to the officials at the heads of the respective 
surveys. 

Maps showing the distribution of cement materials have been 
inserted wherever the data justified their presentation. 

PORTI.Alfl> CEMENT RESOVRCES OF AI.ABAMA. 
FOBTLANZ) CEXXNT HATEBIALS. 

By EnoENE A. SHrm. 

Several extensive series of limestones capable of furnishing excellent 
raw material for the manufacture of Portland cement occur in Ala- 
bama, and shales and clays to complete the mixture are found in every 
county in the State. Owing to the marked geologic distinction 
between northern Alabama and central and southern Alabama, the 
two portions of the State will be discussed separately. 
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Noittwni Alabuia. 

The raw materials for the manufacture of Portland cement occur- 
ring in the Paleozoic formations of northern Alabama are limestones, 
shales, and clays. The limestones belong mainly to the Misstssip- 
ptan ("Lower Carboniferous") series and to the Chickamauga lime- 
stone, the shales to the Pennsylvanian series ("Coal Measures ") , and 
the clays to the Cambrian, Mississippian, and Pennsylvanian. 

OENERAL OEOUMIT. 
In northern Alabama the combined effects of geologic structure and 
erosion have produced certain definite topi^raphic types with which 
the geologic outcrops are cl(»ely connected. (See Fl. II.) 

Structurally northern Alabama is made up of a series of parallel 
synclines and anticlines, most of which trend a little north of east. 
The anticlines are sharp narrow folds; the synclines are flat wide 
basins. Erosion has cut away the synchnes, and the streams of the 
region now run along anticlinal valleys bordered by flat-topped syn- 
clinal plateaus. 

The plateaus throughout most of northern Alabama are capped by 
conglomerates, shales, and sandstones of the "Coal Measures." The 
Mississippian limestones conunonly crop out along the sides and at the 
immediate base of the plateaus. The Ordovician ("Lower Silurian") 
beds occur as long narrow outcrops in the valleys. The middle por- 
tions of most of the valleys are occupied by Cambrian shales and the 
Knox dolomite. The Chickamauga limestone would normally out- 
crop as two parallel bands in each valley — between the middle of the 
valley and the foothills of the plateaus — but faulting has been so com- 
mon that in most valleys only one band is present, the other being 
faulted out. 

LDfESTONES. 
OnOKUIAVOA UMXITOR. 

The C^ckamauga limestone outcrops in Alabama in three principal 
areas. In the Tennessee River valley some of the smaller streams 
that flow into the river from the north, like Flint Hirer, Limestone 
Creek, Elk River, Bluewater Creek, and Shoal Creek, have eroded 
their valleys into the limestone. These areas are crossed at only a 
few points by the railroads leading out from Huntsville and Florence, 
and no commercial use has as yet been made of the rock. 

In Roups, Jones, Murphrees, Cahaba, B^ ^^Is, and Coosa valleys 
erosion has ui places sunk the valley floors into Cambrian strata, and 
in consequence the Chickamauga limestone occupies a narrow belt on 
each side, near the base of the Red Mountain ridges. But as a fault 
occurs on one or the other side of most of these valleys, the Red Moun- 
tain ridges and the accompanying Chickamauga limestone are more 
fully represented on the unfaulted side — the east side in all except 
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Murphrees Valley. The Chickamauga forms practicaUy a continuous 
belt along the undisturbed side and in places outcrops in extensive 
areas on the faulted side also, ba for instance at Vance, on the AJa^ 
bama Great Southern Railroad, where the rock is quarried for flux for 
the furnace of the Central Iron Co. at Tuscaloosa. Analysis 1 (p. 75) 
shows its composition. Other analyses from lower ledges in the 
quarry show only 1.22 per cent of silica, but more magnesia. 

Where erosion has not gone so deep as to reach the Cambrian, the 
Chickamauga extends entirely across the trough, as in the lower part 
of Brown Valley from Brooksrille to beyond Guntersrille. Above 
Ountersville the Chickamauga is seen mainly on the east side of the 
valley. The river touches these outcrops at many points, and at 
Ountersville the railroad connecting that city with Attalla affords 
additional means of transportation. No developments have yet been 
made in this area. 

In the valley separating the Warrior from the Cahaba coal field, 
known as Roups Valley in the south and as Jones Valley in the north, 
the Chickamauga limestone occupies a narrow, continuous belt, mostly 
near the base of the eastern Red Mountain ridge, though in places it 
is high up on the ridge and even.at its summit, as at Gate City, where 
the quarries of the Sloss Iron Co. are located. Many analyses of the 
rock from this quarry have been made. (See Nos. 2, 3, 4, 5, 6, p. 75.) 

In Murphrees Valley the continuous belt of Chickamauga lime- 
stone, as above explained, is on the west side, and the faulted rem- 
nants are on the east side. No quarries have been opened. The 
Louisville & Nashville Railroad goes up the valley as far as Oueouta. 

In Cahaba Valley, which separates the Cahaba coal field from the 
Coosa coal field, the Chickamauga is well exposed on the east side 
for the entire length of the valley from Gadsden down. It expands 
into wide areas near the south end, where it has been quarried for 
lime burning at Felham, Siluria, Longview, Calera, and other places 
on the line of the Louisville & Nashville Railroad. (See analyses 7, 
8, and 9, p. 75.) The Central of Geoi^a and the Southern railways 
cross this belt about midway of its length at Leeds, in Jefferson 
County, and the Louisville & Nashville Railroad crosses it at its 
northern end, where a quariy at Rock Springs, on the flank of Colvin 
Mountain, supplies rock for Ume burning. (See analysis 10, p. 76.) 
At Pratts Ferry, on Cahaba River, a few miles above Centerville, in 
Bibb County, the Chickamauga limestone makes high bluffs along 
the river for several miles and is most conveniently placed for easy 
quarrying. Marble works established here in former days should be 
^ain put in operation, since the marble is of fine quality and is beau- 
tifully variegated. No analyses are available, but there is no doubt 
that much of the rock is sufficiently low in magnesia for cement mak- 
ing. Cahaba River and a short spur from the Mobile & Ohio Railroad 
afford transportation. 
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In Big Wills Valley, which separatee Sand and Lookout mountains, 
the Chickamauga limestone occupies perhaps 25 square milee, hut it is 
croesed only hy the railroad connecting Gadsd^ with Guntersville. 
No (uialyses are availahle. ■ 

In the Coosa Valley re^on the Chickamauga outcrops are found 
mostly on the western border, near the base of Lookout Mountain, 
as in Broomtown Valley and in other valleys ext«nding south tinrard 
Gadsden. Although these belts have been utilized in the past for the 
old Gaylesville, Comwatl, and Round Mountain furnaces, and pos- 
sibly for some furnaces now in blast, no analyses are available. Far- 
ther south, along the western border of the Coosa Valley, running 
parallel with the Coosa coal field in Calhoun, St. Clair, and Shelby 
counties, there are numerous long, narrow outcrops of Chickamauga 
limestone. The Calcis quarry of the Tennessee Coal, Iron & Railroad 
Co., on the Central of Georgia Railway, near Stenett, is on one of 
these outcrops and furnishes limestone with a very low and unifonu 
percentile of silica and magnesia. Analyses 11, 12, 13, 14, 15, and 
16 (p. 75) exhibit the quality of the rock ss rec^ved at the Ensley 
Steel Works, but care is taken at the quarry to select ledges low in 
ailica and ma^;nesia, and the analyses therefore represent only the 
selected ledg^ and not the run of the quarry. Near Talladega 
Springs, Marble V^ey, and Shel by areother occurrences of the rock, and 
a quarry a few miles eafct of Shelby furnace has for many years supplied 
that furnace with its flux. (See analyses 17, 18, 19, and 20, p. 75.) 



Limestones suitable for cement manufacture occur in the Bangor 
limestone of the ilisaissippian ("LowerCarboniferouB") series. Pei^ 
haps the most accessible occurrences of this rock are in the Tennessee 
Valley, west of Tuacumbia and south of the river and railroad, where 
the former quarries of Fossick & Co. were located. The outcrop 
extends eastward along the base of Little Mountain as far as Whites- 
burg, above which place to Guntersville the river flows through a 
valley floored with Mississippiau limestone. The Southern Railway 
passes over outcrops of this rock in most of the mountain coves east 
of Huntsville, and from Scottsboro to the Tennessee line the country 
rock is almost entirely of this formation. The Louisville & Nashville 
Rulroad south of Decatur nearly to Wilhite is mostly in the same 
formation. These two lines together with Tennessee River would, 
provide ample transportation for the rock or for the finished product. 
For an analysis of the rock from the Fossick quarries see page 75. 

In Brown Valley, south of Brooksville, the Bangor limestone is the 
prevailing rock, and at Bangor and Blount Springs, on the LouisviUe 
& NashviUe Railroad, extensive quarries have been worked for many 
years for flux for the furnaces of the Birmingham district. (See 
analyses Nob. 2, 3, 4, 5, 6, 7, 8, and 9, p. 75.) 
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From Brooksville to the Tennessee line a great thickness of this 
limestone is exposed along the western escarpment and below the top 
of Sand Mountain, which is capped by sandstones of the "Coat 
Measures." The river runs near the foot-of the mountun uid would 
afford transportation. 

In similar manner the Bangor limestone outcrops along the western 
flank of Lookout Mountain in Little Wilis Valley, from near Attalla 
to the Georgia line. South of Attalla it forms the lower part of the 
escarpments of Blount and Chandler mountains. The Alabama Great 
Southern Railroad passes very near the outcrop from the Oeor^a 
line down to Springville, Ala. South of Spiingville large outcrops 
occur in Shades Valley, and at Trussville are quarries which have sup- 
plied the Birmingham furnaces. (See analyses 1 to 1 7, inclusive, p. 75.) 

In Murphrees Valley the main outcrop of this rock is on the western 
side, where quarries at Compton have for many years been worked to 
supply the Birmingham furnaces. (See analyses 18, 19, and 20, 
p. 75.) Rock from these quarries varies somewhat, but by proper 
selection suitable material can easily be obtained. 

In the valleys lying east of Shades Valley and in parts of Shades 
Valley itself the formation becomes prevailingly shales and sand- 
stones, limestones being few and inferior. 

OBTBTAlXnn AMD OTBia LnOSTOXXS. 

The Cambrian limestones contain generally a lai^e propori>ion of 
magnesia and for this reason are not suited for Portland cement 
manufacture, though admirably adapted for furnace stone. 

Along the eastern border of the Coosa Valley, near its cont-act with 
the metamorpbic rock, there is a belt of limestone which in places is 
metamorphosed to a white crystalline marble of great purity, which 
has been quarried at several places for omnmental stone. (See 
analyses 1 to 7, inclusive, p. 75.) The I^uisville & Nashville Rail- 
road from Calera to Talladega passes close to this belt. 

CLATS AND SHALES. 

The most important days in the Paleozoic region occur in Penn- 
sylvanian ("Coal Measures"), Mississippian, Ordovician, sad Cam- 
brian formations. But ias a later formation — the Tuscaloosa of the 
Cretaceous — borders the Paleozoic on the west and south, and as 
it contains great variety as well as abundance of clays, it will be 
described here, although it is not Paleozoic. 

OaSOVIOIAK ("LOWZK BILUKIAK") AXU OAXBXIAV ISAUg. 

Associated witli the cherty limestones and brown iron ores of the 
Ordovician and Cambrian formations are beds of fine white clay, much 
of it china clay. A white clay in the brown ore bank at Rock Run, in 
Cherokee County (see analysis 7, p. 76), is about 30 feet in thickness. 
Other clays seem adapted to cement making. (See analyses 8, 9, 10, 
11, and 12, p. 76.) No great number of the clays have been analyzed, 
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but they are known to be widely distributed in Calhoun, Talladega, 
Jefferson, Tuscalooaa, and other counties in connection with the 
brown-ore deposits. 



Associated with the cherty limestones of the lowermost division of 
the Carboniferous in some of the anticlinal valleys are beds of clay 
of excellent quality, much of it china clay. 

Probably the brat exposures of these clays are in Little 'Wills Val- 
ley, between Fort Payne and the Geot^a border, and on ihe line of 
the Alabama Great Southern Railroad, where for many years quarries 
have supplied tile works and potteries. The clays lie near the base 
of the formation, close above the black shale of the Devonian, and 
average about 40 feet in thickness, though in places they reach 200 
feet. The clay beds are 12 to 18 inches thick and contain seams of 
chert 2 to 8 inches thick. The upper half of the clay is more gritty 
than the lower half, much of which contains material suitable for 
making the finer grades of porcelain. (See analyses 3-6, p. 76.) 
FmsTXTAnur (-coal MZAamxt--) bbalbs. 

Many beds of shale in the Pennsylvanian have been utilized for 
making vitrified brick and fire brick, and some of them may be used 
for making cement. A great body of these shales occurs in connection 
with the coal seams of the Horse Creek or Mary Lee coal group, in 
Jefferson and Walker counties. They are conveniently situated with 
reference to limestone and coal and also to transportation lines, and 
are therefore well worth the attention of those who cont^nplate 
building cement plants. 

On the property of W. H. Graves, near North Birmingham, over- 
lying the coal seam mined by hira, are two beds of shale — one yellow- 
ish, the other gray. (See analyses 1 and 2, p. 76.) 

Similar shales are used also at Coaldale, in Jefferson County, and at 
Pearce's mill, in Marion. Physical tests but no analj'ses have been 
made. 

Most of the coal seams mined in Alabama rest upon clay beds which 
have not yet been specially examined as to their fitness for cement 
making, but which, in view of the proximity of the coal mines to the 
limestones, mi^t be worth investigation. 

OBITAOtOVS OLATS. 

The most important clays of Alabama are found in the lowermost 
division of the Upper Cretaceous, in the Tuscaloosa formation, which 
is, in part at least, equivalent to the Raritan formation of New Jersey. 
The prevailing strata of the Tuscaloosa are yellowish and grayish 
sands, hut subordinated to them are great lenses of massive clay, 
Varying in quality from clay that bums almost pure white to dark 
purple and mottled clays that contain much iron. 
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The Tuscaloosa occupies a belt extending from the northwest oomer 
of the State around the edges of the Paleozoic formations to the 
Georgia line at Columbus. This belt is widest at the western bound- 
ary of the State, where it is 30 to 40 miles wide. Its width at 
Wetumka and thence eastward to the Georgia line is only a few miles. 
The widest and moat important part ot this belt, in Elmore, Bibb, 
Tuscaloosa, Pickens, Fayette, Marion, Lamar, Franklin, and Colbert 
counties, is traversed by the Mobile & Ohio, the Alabama Great 
Southern, the Louisville & Nashville, the Southern, and the Kansas 
City, Memphis & Birmin^uun railroads, as well aa by Warrior and 
Tombigbee rivers. 

These clays have been described in aome detail and certain analyses 
which appear to indicate the fitness of the clays for cement making 
are here republished.' (See analyaee, p. 76.) 

In Elmore County, in the vicinity of Coosada, along the banks of 
Coosa River, about Robinson Springs, Edgewood, and Chalk Bluff, 
are many deposits of these clays, some of which have been used in 
potteries for many years. (See analyses 13, 14, and 15, p. 76.) 

In Bibb County clay for fire bri<^ has been quarried very exten- 
sively at Bibbville and near Woodstock (see analyses 16 and 17, 
p. 76) and carried to Bessemer by the Alabama Great Southern 
Railroad. The beds are very thick and extensive. The Mobile & 
Ohio Railroad crosses other extensive deposits in the southern part 
of the county. 

The most important of the cl&y beds in Tuscaloosa County are 
traversed by the Mobile & Ohio and the Alabama Great Southern 
Railroads. Many lai^e beds are exposed along the Mobile & Ohio 
road in Pickens County, but very few have been investigated. (See 
analysis 22, p. 76.) In Lamar and Fayette counties the same con* 
ditions prevail as in Pickens and Tuscaloosa. (See analyses 23, 24, 
25, 26, p. 76.) 

Marion is one of the leading counties of the State for fine clays, but 
it is touched by railroads only along its southern borde* and its 
extreme northeastern comer. Although at present not available 
because inaccessible, the clays from Bexar, from the great clay 
deposit which gives the name to C^atk Bluff and which imderlies 
about two townships, and from about 16 miles southwest of Hamilton, 
the county seat, are worthy of consideration. (See analyses 27, 28, 
and 29, p. 76.) 

Colbert County has numerous fine clays. (See analyses 31 and 
32, p. 76.) 

AKALTSBS. 

The following tables give analyses of limestones and clays from 
northern Alabama: 



by Google 



ALABAMA. 
Anaijfu qf Ckidtammiga Ivnatone/rom Alabama. 





1 


" 


■ 


* 


S 


B 




« 


)0 




4.U 

i.n 
I8.sg 

3.«3 


6.70 

.l:S 


i.1 


3.10, 3.» 
»I8 »« 


3.82 a»| ais 




Inn oilde ud ilomlna ( FnOi 




^^«^* 


»« 


-:ii|*}| 


07. az n.oo 
















,r 


11 


13 
0.38 

.30 










U 


IE 


i« 


IT : IB 


.« 1 30 




0.4S 


aw 


0.34 

MLE3 
2 IT 


asa 

Mia? 


aM 

.El 
1. 08 


3.m| tat 

l.«l 1.01 
98.T0 18,TT 

1 ^* 


1.M 

.83 
B8.0I 




■^•SK?"'"^'"*' 




^;l»^^,- 


•1.10 



















Cast T 
1. GaU City quaiTT, J 
J-«. Date Cltr qi 

uii, isn.pp. i: 

S. tvata qouT;, dmt Lo 
la BockttotlniquMTy, 
ii-ie. BoA ITwn Calob 



lUUTT kt Vance, Tuacstogn County, of CaiUnl liMl 
ample Irom tbe cniBber. Hairy HcCalky, analyit. 
D borniDC Mme. n«pt. Oeol. Surrey Alabama br 



a. Used In burnlug lime and lOr flux. V 
' CoUDty. I. R. Hurii, atulyrtt. 
aidby Cbunty. Used la flux In Bbelby (umun. Rept. ( 



B. Phillip Ulalytt. 











1 


1 ! 3 


« 


■ 


8 


7 8 


9 


10 


SHI (B-o 


0.80 

I.U 
M.98 


.78 
BS.M 


.31 


.34 


1.02 

1.38 
98. 35 


1.40 

1.17 
MOT 

3.18 


088 081 


a83 


3.18 


'Sd"jS5jr.-r".>'^. 


1.03 

l.M 


.31 




LlDM eaiboDale (OaCC^j. 


































11 


13 


13 


» 


« 


18 IT 


18 


1. 


30 




2.33 

8J.87 


ass 

IW.M 
1.38 


98:91 


a78 

.89 


aM 

"1 


1.13 0.43 


3.08 


4.48 

s.ao 

88.18 




^•S''— <■'-■ 




iSSSSSSE^ite.. 




97.33 
I.W 


94.n 





















1. AmagB sample bum Fonlek quairy, 
Walenown. Uaae., analyst. 
1. Avsnae aample from ' 



I, piankUa CMmty. OarmmeDt A 



11, 30'. "■- 



unple from Bkust Bprlngi qnaiiT— a aoonaat llmHstooe. Ildnrr IfeCallcy, analyst 

implefrom Blount Svincs quanr— a ■raaabTaalitiollnKatona. Henry McOalley, analysL 

unple UDper 7S Iset, Bkiuiit BprCuB quarry. J. L. BeesoOi analyst. 

sample BlountBprlnciquarry. J.R. Hairta, aoalyit. 

WixtliiiicUa ODarTT, near TmssTllle, Jeflmoo Coimty. C. A. Melamar, aoalnt. 

I^aiuia, DMT TrasTme. J. R. Harris, analyst. 

if aboat UO iaet tUakneaa ol rook used (or flux. Comptoo quarry, Bhnml County, J. L. 

lie, Comptoo quarry. W. B. ItdUlpi, analyst. 
Analyua of crystalline niarbUl, 





i 


1 ! a 


4.88 
91 to 


8 

osloo 


8 


7 




Ti. 


i 


.82 


"2 










.18 













I. Herd's 



V quarry, Talladega County. Tuomey, Uiobael, E 

:.^ Talladega County. W. B. PbllUpa, analyst. 



bBma,lS»,pr(l(r. 

2. Hfrd'a quarry, no. IS, T. 31, R. ._., ^ ^. .. . _. , 

3. Taykir'i mill, Talkadep County, white marbte. W. C. Btubbs, analyst. 

4. Taylor'i mill, Talladega County, bhia marble. W. C. Btubbs, analyst. 
8. Taylor's mill, Talladaa County. A, F. Bralnerd, analyst. 

e. NbiquarTy,ie(!.36,T:iO,R-4E., TaUadtsa County, white marble. W. B. PhllUDS, 
T, aannt'«quaiT7,iBc.2,T.22,R.3te.,Talla*gaCoanty,whit«maiblB. ' ■>>•-' • 



'"^^c 



76 POBTUND CEUENT UATBBtALS OF XTKITED STATES. 

Analifta of Paltozoic and UtwrmoH Upper Ontaennu cloyi. 





■ 


a 


Z A 


s 


• 


' 


■ 


• 


1. 


" 


am /am i 


ei.96 

90. U 

'i? 

.M 
1.SS 

a. IB 


ST. so 
2t.00 

ts 

.80 

!;!S 


TO. BO 

liTI 

Tr. 
1.60 


S2.0t 

■1 

.33 

.SO 
4.33 


OS. IS 


1 

.00 
1.80 




7120 

23.04 

.18 


"J 


07. S£ 
XL 16 
I. CO 
1. 00 
Tr. 
1.87 
8.00 


81 SO 


SSP^;:;;; 


ie.» 


Alktlks iKA^fiiK))'.'.: 


:S! i-s 

.00 8.00 


.43 










88.60 


».(«} 


se.iB 


W.4T 


10a SB 


101.M »».W 


101.TO] W.16 


»W 










« 


H IS 


w 


IT 


la 


,. [. 


Zl 


21 




H.1I 

.to 

.TO 


W.SI 

1 

roo 


02 SO 
3t.«8 

1 

.SE 
•-SO 


00^38 

0.10 
.09 

10:21 


24. SO 


74.28 
17.26 
1. IB 

if 

.62 

tao 


81. 2S 
23.60 

1 


88.36 

-80 
S.7S 


oaoa 

24.86 

3.88 
,13 
.38 
Tr. 
11.34 


58.13 
24.63 

.32 
11: 78 


68.B 


^SfF^r'*"' 


20.36 


AiSStiSS^ii o"" 


ii« 






4.10 










W.W 


m.2i 


101.01 


»ST 


.oa4i 


MS. 


"" 


90.82 


loan 10a 61 










33 ! » 


» 1 ai 


" "• 


V 30 


31 


32 


SDlcmfSltW 


«aso 




er. 10 

1 


1 


.80 

.28 


•6.40 

1.20 


TftOOlflTBD 


11 
1.26 
Tr. 




Mi^&:;::: 


Tr! 


7.' is' 




Atk»iiM(^5r^ioi:: 


Tt. 


0.00 












loaBZ 










W.6S 

































V VkUey Beail, Dek^b Coiintr. 



rabank). 



I. T^tyelibw siialc irom "Coal 

3. LicbMray ibale Irom nnu locallcr. 

HiiaiBsippl— 

8. China daj.'EurekBiiiiiia; I>ekalb~C( ,. 

Ordovlclan aDd Cambtlan: 

7. CliliiaelB7, Rock Run, Ctierok«CoiiDtr(DTk«< 

8, Ft™ day, Rock Run, dmrokeo County. 
0. Pottery clay. Rock Run, Cherokee County. 

10. ChlMclay. t. R. Bujha), Oadsdes, Etovab County. 

II. Slanewara clar, Blounl Countr. 
12. a twina Bn day, Oxama, Calboua CoaDtr: prohably too muA lt«* nnd. 

y, Coosada, Elmon County. 

■ reCoonly. 

(4. ownawaiv uay, t.-naja oiun, iMUHir" 

18. FIraolar.Woodnaok.BLbb County. 



LonKtmoM Upper I 



_ raday.Coi 

14. Potlary day. McLcbo s, mr E.UKiniuuu, audui 
" ■" roday,Cha]kBlufl,ELiDOTeCounty. 



lb rnaoiay, nooastoaa, didd Lxjunty. 

IT. Flncby, BlhbvUle, Bibb County. 

IS. FIraday.BullsSUtlon. Alabama amtBoatbemRallniail.Tuscalaoaa County. 



21. Stouewara day, Roberts's 11 



33. Pottery day. Cllbb' 



>b'iplao*, Lunar County. 

I. Winiio, Fayette County. 

, , , N. iMtj, njma County. 

27. Blue day, taDrgad cut near Olen Allen, IfarlD" 1 
38. China clay, Br^ Fre ' 
2B. Pottny clay, lOmllei 



2S-2S. Pottery day. W. I 



Frederick. Uarfon County. 



at EamiltiHI, Marl 



I, China day. P^rain. C 



wGoogk- • 



Central Knd Southern Alsbunk. 

RAW MATERIALS. 

The raw materials iu central and southern Alabama suitable for 
making Portland cement are ai^;illaceoua limestones, pure limestones, 
and clays. 

The limestones valuable as cement materials occur mainly in the 
Setma chalk or "Rotten limestone" of the Upper Cretaceoiis and in 
the St. Stephens limestone of the Tertiary, llie clays available are 
the residua] clays from the decomposition of these two limestone 
formations, the stratified clays of the "Grand Gulf formation," and 
the alluvial clays in the river and creek bottoms- Later investiga- 
tion may show that some of the other stratified clays of the Cretaceous 
and Tertiary formations, especially the clays of the lowermost Upper 
Cretaceous (Tuscaloosa formation), are suitable for cement makiiig. 

The Upper Cretaceous in Alabama has four divisions — the Tusca^ 
loosa formation, the Eutaw formation, the Selma chalk, and the 
Ripley formation, named in ascending order. The Tuscaloosa is of 
fresh-water origin and is made up in the main of ssnds and claya iu 
many alternations. In places the clays occur in deposits of sufficient 
size and purity to make them commercially valuable. The Eutaw is 
of marine origin and is composed of more or less calcareous sands and 
clays, but nowhere shows beds of limestone properly so called. The 
Selma chalk is of marine origin and is composed, in part at least, of 
the microscopic shells of Foraminifera. The Ripley, hke the Selma, 
is a marine formation and is generally predominantly calcareous 
but contains some sandy and clayey beds. The Selma chalk alone 
offers limestone in such quantity and of such composition aa to be 
fit for Portland cement material. 

LIMESTONES. 

SZLMA CKALX ("BOTTXF UKZSTOSK"). 

WraOLOGT. 

The Selma chalk is calcareous throughout its entire thickness of 
about 1,000 feet. The rock, however, varies ui composition between 
somewhat wide limits; for this reason three divisions may readily be 
distinguished. The upper division is highly argillaceous, holding 25 
per cent or more of clayey matter; portions of it are composed of 
calcareous clays or marls rather than limestone, containing great 
numbers of fossils, mainly oysters. Along Tombigbee River these 
beds make the bluffs from Paces Landing down nearly to Moscow, and 
on the Alabama they form the banks of the river from Elm Bluff 
down to Old Ijexington lianding. The strata exhibited in these 
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bluffs coDBist of dark-colored fossiliferous calcareous clays, alternat- 
ing with lighter-colored and somewhat more indurated ledges of 
purer, less argillaceous rock. At Elm Bluff the upper half of the 
bluff, which is about 125 feet hi^, is of this character. 

The lower haJf of the bluff at Elm Bluff is composed of rock more 
uniform in composition and freer from clay than the upper part, 
contunit^ generally less than 25 per cent of clayey material. It 
forms the top of the middle division of the Selma chalk. In this 
middle division the fossils are rarer than in either of the others, 
oysters and anomias being the most common. This variety of the 
rock forms the bluffs along Alabama River from Elm Bluff up to 
Kings Landing. It is seen in its most typical exposure at White 
Bluff, where it is at least 200 feet in thickness, rising almost perpendicu- 
larly on the right bank of the river. On Tombigbee River it extends 
from near Bartons Bluff past Demopolis up to Areola and Hatchs 
Bluff. Its lowermost beds, a compact limestone of great purity, form 
the upper parts of Bartons and Hatchs bluffs. On Little Tombigbee 
River the same rock makes the celebrated bluffs at Bluffport and at 
Jones Bluff (Epes) and appears along the stream for several miles 
beyond. 

The width of outcrop shows that the middle division of the Selma 
chalk must be about 300 feet thick. It underlies the mostiertile and 
typical prairie lands of the South. At intervals throughout this 
region the limestone rock appears at the surface in what are known 
as "bald prairies," so named from the fact that they are bare of trees. 
The disintegration and leaching out of the limestone leaves a residue 
of yellowish clay, several feet thick in low places, which is used at the 
Demopolis plant in the manufacture of cement. In most localities 
where suitable limestone is found the clay is present in sufficient 
quantity to supply the needs of the cement manufacturer. 

At the base of this middle division a bed consisting of several ledges 
of compact, hard, pure limestone, which weathers into curious shapes, 
has received the nam«s horse-bone rock and bored rock. This bed 
appears at the top of Hatchs Bluff, at Areola Bluff, between Demop- 
olis and Epes, at Jordans Ferry, and at other places. Its outcrop 
makes a ridge easily followed and characterized by the presence on 
the surface of loose fragments of the limestone. 

The lowest division of the Selma chalk, like the uppermost, is com- 
posed of clayey limestone or in many places of a calcareous clay. 
The color is dark gray to bluish, and most exposures show striping, 
due to alternating bands of hghter-colored purer limestone. Along 
Alabama River the strata of this division are seen in the bluffs from 
Kings Ijanding up to Selma and beyond. On Warrior River they 
are seen in the bluffs at Areola, Hatchs, Millwood, and Erie, in the 
last-named locality occupying the upper part only of the bluff. On 
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the Tombigbee they form moet of the bluffs at GainesTilie, Roes, and 
Kirkpatricks. 

Above Roee, at Jordans, occurs the junction with the middle and 
lower divisions. About 10 or 15 feet below the hard ledges of pure 
limestone forming the base of the middle division the dark-colored 
alliaceous rock tends to flake off and weather into caves, some of 
them several feet deep and 20 feet or more long. These holes extend 
in some places for great distances along the bluffs, aa on Alabama 
River just above Kings Lauding, on the Tombigbee below Roes Bluff, 
and at Jordans Ferry. 

The outcrop of the ar^Uaceous rocks of the third division gives rise 
to black prairie soils, in which beds of fossil shells, mainly oysters, are 
common. 

It has been suggested that the aigillaceous rocks of the first and third 
divisions could be mixed with the purer limestone of the middle divi- 
sion in such proportions as to constitute a good cement material and 
to do away with the need of adding other clay to the limestone. It 
would be easy to select localities near the junction of the two divisions 
where both varieties of the rock could be quarried, if not in the same 
pits at least in pits closely adjacent. Localities of this sort would be 
found along the borders north and south of the belt of outcrop of the 
white rock at Demopolis. 

DISTRIBUTION or TBI 8BLMA CHALK. 

As suitable material for cement manufacture can be had in practi- 
cally unlimited quantity all along the outcrop of the purer limestone 
of the middle division, the location of cement plants will be deter- 
mined rather by the facilities for transportation, the cheapness of 
fuel, and the cost and abundance of labor. Examinations of the rock 
were consequently confined to localities which appear to be most 
favorably situated in these respects, and especially to localities on 
navigable streams or north-south railroad lines, or both. In making 
collections for analysis material from the middle division was gener- 
ally chosen, as most of the limestone of the formation which contains 
75 per cent or more of carbonate of lime is to be found in this division. 
At the same time specimens of the more alliaceous material, espe- 
cially of the lower division of the formation, were collected in order 
to ascertain the practicability of providing a cement mixture by using 
proper proportions of the purer and more argillaceous materials. 

On Tombigbee River at Gainesville the limestone, 30 to 40 feet 
thick, appears on the river bluff beneath a heavy covering of sands 
and pebbles. A short distance from the river, however, the rock out- 
crops at the surface and may be quarried without difficulty. (See 
analyses 1, 2, 3, and 4, p. 86.) Other specimens are from the Rob- 
erts place, 3 miles east of Gainesville; one was taken from the top of 
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a 30-foot bluff and others from the surface 1 mile and 5 miles from 
the river. (See analyses 5 and 6, p. 86.) 

At Jones Bluff, oa the Tombigbee, near Epee station, on the Ala- 
bama Great Southern Raikoad, white limestone of remarkably uni- 
form composition shows along the river bank tor about a mile, 
with an average height of perhaps 60 feet. Here the hare rock 
forms the surface, so that Qo overburden need be removed in quar- 
rying. The raih^ad crosses the river at this locftUty, which thus has 
the advantage of both rail and water transportation. From the 
lower end of this exposure down to Bluffport the white rock is seen 
at many places; for example, below Lees Island, at Martins Ferry, 
Braggs, and elsewhere. It generally has a capping of 15 to 20 feet of 
red loam and other loose materials. (See analyses 7, 8, and 9, p. 86.) 

At Bluffport the white rock in places forms a bluff 100 feet or more 
high along the right bank of the river for a mile or more. (See analysis 
10, p. S6.) As at Epes, the rock extends up to the surface, so that 
quarrying would be attended with little or no difficulty. Below the 
Bluffport bluffs the easterly course of the river brings it into the ter- 
ritory of the lower strata of the formation, and the white rock does 
not appear again below Jordans Ferry, except in t.hin patches at the 
tops of some of the bluffs. (See analyses 11, 12, 13, and 14, p. 86.) 
Specimens from Roes Bluff represent the prevailing dark-colored 
argillaceous rock and the lighter-colored ledges. 

At Demopolis the white rock extends along the left bank from 
1 mile above the landing to about 2 miles below, with an average 
height of perhaps 40 or 50 feet. The rock is remarkably uniform 
in appearance and probably in composition. (See analysis 29, p. 87.) 
At McDowells the main bluff is on the right bank and the rock is of 
great purity. (See analysis 16, p. 86.) The exposures continue 
down to Paces Landing, 9 miles below Demopolia, beyond which the 
bluffs are much darker in color and striped with lighter bands, char- 
acteristic of the upper part of the formation. Thence down nearly 
to Moscow the upper beds are exposed. 

Above Demopolis at Areola and Hatchs Bluff the blui^ clayey 
limestones of the lower division of the Selma chalk are seen in force, 
with the lowermost ledges of the middle division — the horse-bone 
rock — capping them. (See analyses 19 and 20, p. 86.) 

From Demopolis eastward the line of the Southern Railway is 
on the outcrop of this white rock, as far as Massillon, where it passes 
into the territory of the lower division. Two miles from Demopolis 
on this road is the 6-kiln cement-manufacturing plant of the Alabama 
Portland Cement Co. This plant has not been operated since 1908. 
The quarry is across the railroad track from the kilns, a few hundred 
feet distant. The clay formerly used is residual from the decom- 
position of the limestone and is obtiuned from the river bank-a 
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few yards away. (See analyses 15, 18, 40, pp. 86-87.) A apecimen 
taken from Knoxwood station, between the cement works and 
Demopolis station, shows similar composition (analysis 17, p. 86). 

At Van Dom station the white rock outcrops widely, and just east 
of the station there is a deep cut through it. (See analyses 21, 22, 
41, 43, 43, 44, 45, 46, pp. 86-87.) 

About Uniontown the bare rock is exposed at numerous points, and 
the place offers very great advantages for the location of cement 
plants. (See analyses 23, 24, 25, 26, pp. S6-S7.) 

Kesidual clay overlies the limestone at the Pitts home place 
(analysis 1, p. 87). South of Massillon, near the crossing of the 
Southern and the Louisville & Nashville railroads, near Martins 
station, the white rock shows in numerous exp#9ures, making a 
country somewhat similar to that about Uniontown. At many 
points the rock has no overburden and is admirably adapted to 
cheap quarryii^. On the banks of Bogue Chitto Creek, near Martins 
station, on the Milhous place, the rock is exposed in a bluff, beneath 
a bed of plastic clay, and below a considerable thickness of red loam 
and sands of the Lafayette formation. (See analysis 27, p. 87.) 

The same rocks make the great bluff of White Bluff, on Alabama 
River. Specimens were selected from about halfway down the 
bluff, and from 20 feet lower. Generally red loam and sands of the 
Lafayette cap the limestone, but near the upper end of the bluff the 
white rock extends to the sunmiit, capped only by plastic clay, 
(See analysis 28, p. 87.) 

At Ktm Bluff the upper and middle divisions of the formation are 
in contact. At Kings Bluff the middle and lower parts of the forma- 
tion are in contact. At the other bluffs of the river between Kings 
Landing and Selma rock of the lower division is exhibited. (See 
analyses 30, 31, and 47, p. 87.) 

To summarize: From Demopolis eastward aloi^ the line of the 
Southern Railway, by Van Dom, Gallion, Uniontown, Massillon, and 
thence by Martins and Milhous stations to White Bluff, the white 
rock appears at the surface in clean exposures at almost innumerable 
points, either immediately on or very near to the railroad. So far 
as the quality, quantity, and accessibility of the limestone are con- 
cpmecl, manufactories of cement might be located almost anjTvhore 
in this territory. From Demopolis westward the same conditions 
prevail up the river to Epes, and thence to Gainesville, beyond which 
point the white rock is to the west of the river at greater or less 
distance. East of Alabama River the outcrop of the cement rock 
is crossed by the Louisville & Nashville Railroad (Repton branch), 
between Berlin and Pleasant Hill stations. (See analysis 31, p. 87.) 
On the Montgomery and Selma road, at the crossing of Pintlala 
Creek near Manack station, the limestone is exposed in the creek 
48834°— Bull. 622— 13 6 , , ,, GoOqIc 
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banks and in the open fields, in many places with little or no over- 
burden. (See analyses 32 and 33, p. 87.) On the main brandi of 
the LouisTille & Nashville Railroad the white rock shows between the 
city and McGhees switch. Examinations have not been carried 
beyond Montgomery, but it is known that the white prairie rock 
is crossed by the Central of Georgia Kailway between Matthews 
and Fitzpatrick stations, and there seems to be no doubt that along 
this stretch of the road suitable rock will be found convenient to 
the line. 

BT. STXFHZFS UXXBTOZX. 
hOVOlMOY. 

The St. Stephens or "White" limestone of the Alabama Tertiary, 
which includes Qligocene and the uppermost of the Eocene strata, 
is, in general, equivalent to the Vicksbuig and Jackson limestones of 
the Mississippi geologists. 

In Alabama the St. Stephens limestone exhibits three rather well 
defined phases, which, in descendii^ order, are (I) the upper division, 
observed only in Clarke County, (2) the middle division, regarded as 
equivalent to the Vicksburg limestone of Mississippi geologists, and 
(3) the lower division, regarded as equivalent to the Jackson group 
of Mississippi geologists. Of these only the middle division is of 
immediate interest, for the first is, as far as known, restricted to one 
locality (Salt Mountain), and the third is exposed in few places along 
Alabama rivers and railroads. 

The following section of St. Stephens Bluff, Tombigbee River, will 
give an idea of the strata of this division: 

Section of St. SUphen* Bluff. 

Fnt. 

1. Red reeidual clay 1-5 

2. Highly foeeiliferoua limestone holding mainly oyeters and full of holes, 

due to unequal weathering 10-12 

'i. "Orbitoides limeatone" (chimney rock), a soft, nearly uniform, porous 
limeetoDe, making smooth perpendicular face of the bluff except where 
bands of harder limestone of very nearly eimilar compoaition alternate 
with the soft«r rock. Both varieties hold great numbera of the circular 
ehella of OrbUoidet TtiaateUi. The harder ledges are nearly pure car- 
bonate of lime, take a good polish, and are often burned for lime 60 

1. Immediately below 3, f or 5 OT 6 feet, the sttata were not visible, being 
hidden by the rock falling from above, hut the space seemB to be occu- 
pied by a bluivh clay. Then follows a soft rock of somewhat the aame 
coneieteDcy Ha No, 3 above, but containing a good deal of greensand. 
The foeaib are mostly oysteTs and PtaguMoma dumoia. Thie bed is in 
places rather indurated superficially and forms projecting ledges 10-15 

5. Bluish clayey marl with much greensand, containing the same fossils as 

No. 4. It waehee or caves out from under No. 4, which overhangs it 4-5 

6. Massive joint clay, yellow on exposed surface, blue when freshly broken; 

no foaeils obeerved. Extends below the water level to unknown depth; 
*ap«wd »-* 
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The rock of this diTision that seems best suited for vement material 
is the soft "chimney rock" or "Orbitoides limestone" of bed No. 3 
above. This is usually quarried for chimneys and other constnic- 
tiona by sawing it out and dressing it down with a plane into blocks 
of suitable size, which are then laid like brick. 

Numerous analyses show that this rock is purer than most of the 
Selma chalk of the Cretaceous. In cement making it will, in con- 
sequence, require ihe intermixture of a larger proportion of clay, 
and the question of obtaining suitable clay in sufficient quantity in 
close proximity becomes of some importance. The residual clay left 
after decomposition and leaching of the limestone seema to be fairly 
well adapted to the purpose. Besides this residual clay there are 
available some river and creek clays near the limestone, and also the 
clays of the "Grand Gulf" formation, which in tliis section very 
generally overlie the limestone. Near Manistee Junction, on the 
Repton branch of the Louisville & Nashville Railroad, the last- 
named clays are present in sufficient quantity to be of value if the 
composition is suitable. (See analyses 2 and 3, p. 87.) 

DISTRIBDTION OF ST. STEPHENS UHB8TOME. 

The bluff ct St. Stephens, a section of which has been given, is 
typical of the formation. Here the whole of the soft "Orbitoides 
limestone" or "chimney rock" might be used, as the composition is 
uniform throu^out. The overlying harder limestone has almost the 
same composition, but it is less easily crushed and worked (analysis 34, 
p. 87). It may be quarried from the surface down, as it is covered 
only by a thin layer of residual clay (analysis 2, p. 87). Clay occure 
near St. Stephens at the water level (No. 6 of the St. Stephens sec- 
tion). (See analysis 4, p. 87.) 

From Hobson's quarry, just above the Lower Salt Works Landing, 
down to Oven Bluff, a distance of 2 miles, the " Orbitoides hmestone " 
or "chinmey rock" occurs at the base of bluffs of Tertiary age. At 
the quany the hard hmestone, which is being taken out for riprap 
work, lies, as at St. Stephens, just above the soft chimney rock. 
Along the stretch of river above described this chimney rock lies just 
above the river bottom in a bed 15 or 20 feet thick and is easily 
accessible. (See analyses 37, 38, and 39, p. 87.) As regards clay, 
three varieties have been examined, a residual clay from over the 
limestone, a swamp-bottom clay from the low grounds of Leatherwood 
Creek, and a clay from the "Grand Gulf formation," which here over- 
lies the St. Stephens limestone. 

The first shoal in the river above Mobile is a few miles above Oven 
Bluff, and from the latter place down there is a &-foot channel at all 
seasons, which will give to Oven Bluff a certain advantage in regard 
to transportation. The shoal mentioned is removable, ao that 

,_.iiXiOO'.^[c 
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St. Stephens may be classed ^th Oven Bluff as regards transporta^ 
tion by water, except that the former is some miles farther from the 
Gulf. 

At Glendon station, a few miles east of Jackson, an exposure of 
the chimney rock close to the track is about 20 feet thick and is 
covered by red residual clay similar to that at St. Stephens and Oven 
Bluff. The same chimney rock may be seen along the road between 
the station and Jackson, and no doubt it occurs from Olendoo up to 
Suggsville station within convenient reach of the railroad. Near 
Suggsville station the same rock occurs within a short distance of the 
railroad along the road leading from the station to the town. 

Between Su^sviUe and G(»port the country rock is the St. Stephens 
limestone. There is no railroad between these places. 

At Perdue Hill the St. Stephens limestone outcrops near the base 
of the hills which descend to the terrace on which the town of Claiborne 
stands. The bluff at Claiborne Landing shows near the summit the 
calcareous clays or clayey limestone which lies at the base of the 
St. Stephens, and which is generally thought to be the equivalent of 
the Jackson group of the Mississippi geologists. It is possible that 
this rock, where it occurs in sufficient quantity, may be suitable for 
cement making, since its composition is not very different from much 
of the Selma chalk. No investigations have yet been made concern- 
ing it, for the reason that there are comparatively few points where it 
appears in adequate thickness and in favorable localities as regards 
transportation . 

At Marahalla Landing, just above the mouth of Kandons Creek, at 
the top of the bluff, beneath the usual covering of residual clay, is 
the first exposure of the chimney rock along Alabama River. Below 
the orbitoidal or chimney rock at Marshalls there are 20 feet or more 
of a porous limestone. In the same bluff there are beds of calcareous 
clay, which might possibly be used in mixing with the limestone. (See 
analysis 5, p. S7.) At the landing these would be difficult to quarry 
because of overlying strata, but they could certainly be found with- 
out cover along the bluffs above Marshalls. 

From Marshalls down to Gainestown Landing the river hluSs show 
beds of the limestone at numerous points. At Gainestown the top- 
most betl of the St.Stephens, the hard crystalline limestone, occurs not 
far above the water level in the river. This stone has been cut and 
polished and proves to be a first-rate marble, taking a good polish 
and showing agreeable variations in color. The soft chimney rock 
underlies the hard limestone here as at other points. 

At Choctaw Bluff, some milea below Gainestown, the last exposure 
of the Tertiary limestones on the river is an argillaceous limestone 
with numerous fossils; it seems hardly likely to be of use in cement 
making. 
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A few milee east of Marshalls Landing, at Manistee Mills, the 
tenmnuB of a sawmill road, a quany of the chimney rock is con- 
veniently situated as to transportation, since it is on the railroad. 
Across the county to the Bepton branch of the Louisville & Nashville 
Railroad the St. Stephens limestone may, of course, be found at 
thousands of places ; but only those that tie on a railroad line are 
here discussed. 

Beiow Monroe station, near Drewiy, on the Kepton Branch, the 
Louisville & Nashville Kailroad crosses the outcrop of the chimney 
rock. A few miles below Drewry, at Manistee Junction, the "Qrand 
Gulf clays " are finely exposed in rtulroad cuts both north and south of 
the station. (See analysis 47, p. 87.) Clays which may be suitable 
for admixture with the limestone are obtained from these cuts. (See 
analysis 3, p. 87.) 

The chimney rock may be found at many points below Evergreen, 
in the vicinity of Sparta and Costlebeiry stations. Many bluffs 
of this rock occur on the banks of Murder Cieek in this vicinity, and 
several quarries from which the stone has been obtained for building 
purposes are within short distances of the railroad line. At the foot 
of TaJiaferros Heights the limestone forms high bluffs on the creek; at 
Ellis Williams Spring there are bluffs with the soft rock at the base 
and the hard hoise-bone rock at the top; and on the creek bank a few 
hundred yards away is one of the quarries mentioned above. In fact, 
the localities where the rock may be found within convenient distance 
of the rulroad and in a position favorable to cheap quarrying are 
numerous in all this region. (See analyses 35 and 36, p. 87.) No 
clays were seen except the usual residual clays from the decompoei- 
tioa of the limestone and a clay occurring close to Evei^reen in the 
]»ts of Wild Bros. Theee Evergreen occurrences have attracted 
attention betiause of their location on the line of a great railroad 
system within short distance of tidewater. Farther east the time- 
stone formation extends across Alabama and into Georgia and Florida 
and is crossed in two places by the Central of Geoi^a Railway. 

To summarize: Though the St. Stephens Umestone outcrops across 
the State from the Mississippi line to Chattahoochee River in many 
broad belts, attention has been concentrated on those localities which 
lie upon navigable streams or upon railroad lines terminating in Gulf 
porta. As compared with the middle division of the Selma chalk, 
the limestone is more uniform in composition, higher in lime, softer, 
and more easily quarried and crushed, and in geographical position 
many milee nearer the Gulf. Its thickness, on the other hand, is 
much less, although sufficient to supply an indefinite number of 
cement plants with raw material. 
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POBTIAND CEMENT MATERIALS OF UKITED STATES. 



ANALYSES. 



The following tables give analyses of Cretaceous and Tertiary 
limestones and clays of central and eouthem Alabama: 

Analj/tet (^ OntaeeoM and TVrtwry JtmeMOMf . 
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1. OaiDMTiUv Bhiil, Tmnbgbei 



olbluO. R. S. Hodges, BUalj-st. 



(. OaingsTillB. A. W. Dov, analrit. 

g. Robarta'splaoe,DeMOB&i(>TiU«,Mpi>tblaS. R.B. Bodna.analjrst. 

B. SotMcts'i plaoh uar Okiimvllle, fi Int ibov* inter. R. S. Hodges, am 

7. Joma Blufl, M Kpw. B. B. Hodns, uialnt. 

i. iMieaBliiS.atEpca. Dr. HaUMt, aualnt. 

t. Haimaiu Blufl, Mov Epo. R. S. Hodpa, Mialyit. 

a. BloirpoTt Fcnr, Tombigbea Rlw. R. a. Hodges, analTit. 

1. Jordans Farr*, TombUbee Rl^er. B- B. Hodgn, amlvit. 

1. Bsbnont Bliuir, TomblgbM RWar. R. S. Hodges, analvjt. 

a. Roes Bluff, Tomblgbee River, main part or blufl. B.S. Hodies.analys' 

L Rosa Bluff, Tombtebee River, U^l-oolaied ledgee. R. S. Hodgrs, •ml;' 

^ Deitl«poUg,r. P.Sewey. U. S.lUnt. anilnL 



DMnonlli. It. 8. Bodies, Mudjit. 
.loUt. R. S. Hodgee, anahrit. 

.. lanumollsCemMitWoiis. R. 8. Hodges, uialnt. 

). Hat4du Bluff, Warrior Rivet ebaveDamopollg; main put of bluff. R. 8. Hodgw, analyit. 

i. Hatdis BbiBi Warrior River, above Demopolli: ledges at top olbloff. B. B, Hodges, analjit. 

1. At Van Dom station, from roadside. R.S. Hodges, analvst. 

I. At VanDomitotioD.ranraadcuteastoIstathiD. R. S. Hodges, analyst. 

). UDlontown, P. H. Fiiu, Home place, R. S. Hodgn, aoalyat. 

I. UDioQlown, P. H. Pitt!, Houston place. R. S. Hodges, anal^it. 
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AruJ^Mu ofOrttaeeoui and Tertiary Km«tton<t— Continued. 
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M. UnJoatovn, 1 mils laoth, on lieKOAy road. R. 6. Hodns, uBlvat. 
». RiUinadcat,lIaniiuslatlaD,einthai)IUlhni7,I>>UuCDUiity. R. S. Hoai 
2B. VbitaBhifl, Alabama RlTtrlovei put of bloff. R. 8. Hodni.aDiilyM. 
'^. I>«nMpoll>,Tombi(bMBlvcr. Di. MallMt.iiiabst. 
I. LlnM^oM tram Cababa, Alabama Rhar. Dr. llallett, mialjst. 

■,. -naframBaUoa, Alabama Eim. W. B. FhUllps.aaalyst. 

' mHaDaAflatiau, Lowndes Countr. R. S. HodgBs,aiulj^. 

35-38. Oibitoida] membo-orst. BtephouUi 

S7. OiblWUa] membwr"" '"— >■ — " — 
Dr. HaUMt, uulvit. 

3S^. Orbltol^ monbar irf et. BMphsia Unwataoa, Clwka Canntr, dmt rivar. Dr. MaOatt, anatTSt. 

W. Rocknsed In Alabama PDtUandCameatWorki.DaaWpi^. Aoalysla sent In by T. O. Calros, gm- 
«almBiia(s. 

41, IJmastoDa from propertv Of J. B. KomacaT.at VaaDam.samplaNa.: 

" "-aatOTwtnmprapwtyofl." -^ ...7._r. ..u. 

aatona fro —"- -* ' 

45. Ltmaatone fian pmpirt f of J. T. CoiUiii, at Vui Dora, aampla No. I; ll^C otrior. R. S, Hoc^ga, 
M. AvfraceotUuceianvlaaotllinaKoiiatRimDi 

., .. . . ^,-m..^ ..._j^. „j_. T, W, JOlkr, analTat. 
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1. Rcstdnal day orer Hmcslona at F. H. Pitta^s boma plaoe, UnioDtovn. R. 8. Hodna, an 

2. Raridoal da* orcr Bt. Stepbani limntoDa. Bt. Blapbana BIuH. R. S. Hodns, aoalrrt. 

3. "0randGulIcla7,"Uaniil«JiincU«D,IIaimia County. T. W. lUlier. anaiysl: averaga 

4. GIil; at watar^ adcai SI. Stapbana Blnn. R. S. Hodcat, amUjit. 

5. Baeldual clay Drerlylng n-btlaldal membar of the St. Btepbena Umaatooa, "«"*»"" LalU 
Hodfa, analyst. 
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POBTLAHD CKKENT INSITSTBT. 

The Alabama chalks and limeetoQee possess many economic advan- 
tages over most other limeetoDes that occur near the Atlantic and 
Gulf coasts. These advantages may be briefly stated as follows: 

1 . The deposits of the Selma chalk of the Cretaceous are in general 
, of almost the proper composition for making Portland cement. 

They require the addition of little or no clay, and in consequence the 
cost of grinding and mixing ia materially less than that of preparing 
an ordinary limestone-clay mixture. As against this advantage, the 
chalks have a very low silicaralumina ratio, and many of them are 
difficult to dry properly. The St. Stephens limestone of the Tertiary 
is not so near the ideal composition as the Selma chalk but is never- 
theless a very satisfactory cement-making material if used in combi- 
nation with the overlying "Girand Gulf clays." 

2. Coal of good quality occurs within a reasonable distance of all 
the Alabama cement-rock deposits. (See PI. IL) As the weight 
of coal used for power and kihis is 50 to 60 per cent of that of the 
cement produced, a supply of cheap fuel is important to the success 
of a cement plant. 

3. Labor is abundant and cheap in theCoastal Plain cement district 
of central and southern Alabama and is reasonably so in northern 
Alabama. 

4. In addition to supplying the market for cement in such cities as 
Atlanta, Birmingham, Mobile, and New Orleans, cement plants on 
the navigable rivers of Alabama can place their product at any point 
on the Gulf or southern Atlantic seaboard at very low prices, for the 
cost of transportation by water is low compared with the railroad 
freight ratee which most other plants will be compelled to pay. 

In view of these advantages it seems reasonable to expect that in 
the near future Alabama will take high rank among the States as a 
producer of Portland cement. In 1911 two plants wa*e in operation, 
one old plant was idle, one under construction, and others were in 
various stages of promotion. The two operating plants are at Leeds 
and at Sagland. 

The oldest plant, now inactive, is owned by the Alabama Portland 
Cement Co. and is located at Spocari, near Demopolis, Marengo 
County, on the line of the Southwn Bailway. The raw materials 
used WOTe the soft chalky limestone of the Cretaceous and a residual 
clay, both occurring in the immediate vicinity of the plant. Analyses 
I and 2 of the following table show the composition of the limestone 
used at the plant and analyses 3 and 4 that from neaivby localities. 
The limestone actually quarried runs a little too high in lime car- 
bonate to make a good Portland cement by itself and a small amount 
of clay is added to get the proper mixture. No analyses of this clay 
are at present available. 
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1. Q11U17 Abbuna Poittand CenHoiC Co. R. B. Bodca, uuilnl. 

2. QuuTf AtabamaPaTtUndCammtro. S. Dew. No, 10,(iSUiCWig,, IMM«.,l»aa,p. 22. 

3. DeDU^mlls. Pnw. Altbams InduMriat and SclmJflfl Boc, ToL b, 1S«, pp. H-11. 

4. tWmopoUs. P. P. D«»er, snalyM. 

The following analyses are ot the "Red Diamond" brand of Port- 
land cement, manufactured at this plant: 

Analyitt 0/ Portland eement inade ■Mor'DemapoIxt, Ala. 
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1. CUnker. P. W. Cluke, analyn. 

2. Cement. A. W. I>oi>,aoal;BL 

3. CWDUtt. S.I>oc.N'o.l»,0SthConi.,litMn.,l«B,p.Z3. 

4. OsmaDt. Bi. 8. Hodna, analyal. 

5. Osmaat. Cemait utneUaj ,2i ad., 1903, p. 2H. 

The second Portland cement plant to go into operation in Alabama 
was that of the Standard Portland Cement Co. at Leeds. The raw 
materials used are pure limestone of Trenton age (Chickamauga 
limestone) and shales of the Clinton ("Kockwood") formation. A 
plant of the Atlantic & Gulf Portland Cement Co., near Ragland, 
using Chickamauga limestone and Carboniferous shale, has gone 
into operation recently. 

Among prospective plants, in various st^es of promotion or 
construction may be mentioned a plant at St. Stephens, near Mobile, 
to use St. Stephens limestone and overlying clay ; a plant near Blount 
Springs, to use Bangor limestone and probably sheJes of the Clinton 
formation; and a plant near Knsley, to use blast furnace slag and 
limestone of Chickamauga or Bangor age. 
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PORT1.AND CEMENT RESOURCES OP ARIZONA. 
FOBTLANS OSMBHT KATBBUI^. 

Very little detailed information is available concerning either the 
areal distribution or the chemical composition of the limestones of 
Arizona. Reports on miniTig districts contain scattered notes on 
distribution, but give few analyses. Some data are available in 
r^ard to several specific cement properties in the State. 

In 1905, though no commercial Portland cement industry had 
previously been established in Arizona, a plant was started and 
operated there by the United States Reclamation Service. This 
interesting experiment in Federal ownership of an industrial enter- 
prise was due to the necessity for procuring large supplies of cement, 
at a reasonable price, for one of the lai^est of the projected irrigation 
dams (the Roosevelt dam), which was to be constructed in the Salt 
River valley. At that date cement for this dam could have been 
obtained only from plants on the Pacific coast, at Salt Lake City, or 
in Colorado; and freight rates would have made the cost prohibitive. 

The results of analysis of a number of raw materials occurring near 
the dam site are given in the foDowii^ table. Nos. 1 and 2 represent 
the range of the Umestone and Nos. 6 and 7 the clays used at the 
cement plant. 

Analyti* o/IimaUmei and^Ui/rom Tonto dam tiU, Aritona. 
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m tltt. E. Durytc, BnalyM. Watn-8ui>ply Fapn V. B. QeoL SnrTcy No. 73, 

lalte. 0.B. Gml. Barvnltboratorj, au&lfBt. t!]ei]i,p. 49. 
A, DUKiE iHw uBiu HK. E. I>iuTfc, uulTit. Idrm, D- «S- 

4, Cm; 1 mile bum dam site. E. I>itrr«e,uul;>l, Idem. 

fi. Clij Irwn StlUa Ut; Ctajaa. E. Dniyet, uulyit. Idem. 
6. Clay 3 mlln north of dun dte. E. Durfef, analjit Idem. 
T. Cl» 3 milta ntfth of dam du. U. B. OooL enrTsy labanMrT.amlTrt. Idea,p.M. 

5, SblMbwncaiiTOiibekiirdamriU. £. Duiyee, uislyat, Idem,p.4g. 

Samples of limestone from places along or near Gila River, near 
projected dams for irrigation purposes, were analyzed by E. Duryee 
with a view to determining their value as Portland cement materials. 
These analyses are given m the following table: 
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Awilyui of limtiUme mar Gila River, Arit. 
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1. 3uiC«iks,giBy. 2. SanCu-loSiIdiik. 3. RlveTslde, blue. 4. Queen Creek, blue. L QasenCteek.inj. 

None of these latter samples have been utilized to the preaent 
date. 

The following analyses* of limestone from the Biabee district of 
souiheastem Arizona were made by W. F. Hillebrand on samples 
collected by F. L. Ransome: 
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1. AbrigaUmMtwe, CuDbftui. 

3. Abriio UmesMiie, Cunbrlan. 

I. llaidu Uineitone, Devonlui. 

4. Eantawa liBOTloOB, lllnlsslpplui. 
B. Nkoo Umestoiie, PennsylTUiJui. 

PORTLAND OBHBHT INSITSTItT IN ARIZONA. 

The Government plant at the Roosevelt (Salt River) dam was 

sold to private parties after the completion of the dam. It will be 

removed to a point near Phoenix and operated as a commercial 

plant. 

Though cement has at present no large market in Arizona, con- 
siderable local demand for it exists for use in railroad construction 
and in the mining camps. A small plant, therefore, may find a 
local market for its product. 

BIBLIOORAPHY. 
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U. 8. Geol. Survey No. 21, 1904, 168 pp. 
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POBTliAND CEMENT RE80UBCES OP ARKANSAS. 
POBTLAHS CBMBNT KATBBIALS. 

, Arkansas is divided geologicailj into two very distinct parts, only- 
one of which is provided with materials adapted for use in Portland 
cement manufacture. The portion of the State lying southeast of a 
line drawn through Pocahontas, Powhatan, Jacksonport, Searcy, 
Little Kock, BentOQ, Arkadelphia, Prescott, and Tezarkana is 
covered by clays and gravels and contains absolutely no limestones 
fit for use in cement manufacture. In the region northwest of that 
line, however, a number of limestones are available for making 
cement. 

LIHBSTONEfi. 

Of the hmeetone formations in Arkansas seven seem to be worlii 
considering as possible sources of cement materials. These lime- 
stones, which will be described below,' are the following: 

"Smtoga" chalk member of Marlbrook marl Upper CreUceous 

Amiona ("White Clife") chalk Upper Crel*cwue 

Pitkin ("Archimedes ") limeeUme 

MiniaBippian ("Lower Oarbouif»ouB") 

Boone fonnation MiBeiasippiaii ("Lower CaiboBiferous") 

St. Claii limeetone Silurian 

Polk Bayou limeetone Ordovician 

Izaid limeetone OidoviciaD 



The Izard limestone occurs in Independence, Izard, Stone, Searcy, 
Marion, and Newton counties. It is found in quantity on all the main 
branches of Lafferty Creek and at some points reaches a thickness 
of 200 feet. In places it occurs in almost perpendicular bluffs, but 
more commonly it is seen in steep, terraced slopes. The finest ex- 
posures are along the tributary flowing west from Cushman, known 
as Blowing Cave Creek; in the ravine in the north part of sec. 13, 
T. 14 N., R. 8 W., and on the lower part of West Laflferty Creek for 
4 mUee above its junction with East Lafferty. In sees. 3 and 10, 
T. 14 N., R. 8 W., the exposures are especially noteworthy both for 
quantity and quality. 

At Penters Bluff on White River and in the adjoining region the 
limestone is admirably situated for quarrying. Penters Bluff is 
almost perpendicular and is more than 400 feet high, 285 feet ol the 
base being Isard limestone. In t^e rear of the lower end of the bluff 
a ravine from a fourth to half a mile in length penetrates the hill at 
a small angle from the course of the river, leaving a high narrow wall, 

I AlHlracled ftoiD dtocunkHU oI the gUniian uid CBrbonlferoia Unngtonce by T. C. HapUni (IfarblM 
and Dtber limaabmeB: Ann. Kept. ArkanaiH 0«o], Surrey [or lew, vol. 4, 1W3}, ud of Ote CiMacmui 
dwUu by ). A. TbA (Chalk of Bauth\r«t«m Arkanm: Twetitf-«eaciiid Ann. Rapt. U. B. (ieol. Bomy, 
-t ».!«», pp. «8T-7«2). E.O.UIclcbhatkindlytiuiiliihedmanrdaUmiuiariilnftbaPalaiMOloUiiiaMciiiift 
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which has an ahrupt face riTerward and is so close to the river bank 
that there is scarcely room for the road along its base. The rear of 
this wall is a steep, terraced slope facing the ravine. The slope of 
the soutji end of the wall is rather steep for 60 to 70 feet from its base; 
farther up it is gentler. The rocks have a low dip to the southeast. 
The south end of the bluff for about a quarter of a mile coDsisto 
entirely of the Izard limestone. 

West of Pentere Bluff, on the north ride of White River, the lime- 
stone is covOTed in a few places by the chert debris but crops out 
almost continuously along the hills next to the river and on the lower 
course of all its tributaries at least as far as Mount Olive. 

The lai^eet and most conspicuous outcrop of Iscurd limestone west 
of Penters Bluff is on Wilson Creek in the northwestern part of the 
BatesviUe quadrangle. At the base of the hill on each side of the 
creek are from 100 to 200 feet of Izard limestone. The bottom of 
the bed is not exposed. At some places the limestone outcrops in 
solid continuous layers; at others the surface is covered with more 
or lees r^ular rectangular blocks, the result of weathering. The 
position of the stone for quarrying is all that could be desired. 

In the eastern part of Stone County the Izard limestone is exten- 
sively devdoped on the south side of White River. Along the river 
from a point opposite Featers Bluff to the tower end of Round Bottom 
this limestone forms the base of the hills and is from 100 to 200 
feet thick. Up the river from Round Bottom the base of the hilla is 
composed of saccharoidal sandstone, the Izard limestone lying near 
the top. Toward the north the Izard limestone gradually approaches 
the tope of the hills until it thins out and disappears entirely in the 
northern part of the county, being replaced by the underlying rocks. 
It appears in large exposures along Cagen and Dry creeks. Rocky 
Bayou, Hell Creek, and South Sylamore Creek and in smaller quan- 
tities on North Sylamore and Livingstone creeks. 

In 8earcy County the Izard limestone is not nearly so thick as it is 
farther east, for it gradually thins to the west. It occurs in consider- 
able quantities along Big Spring, Bald Knob, little Rock, Rock, 
Brush, and Bear creeks, on the south side of Buffalo Rivor, and on 
the north side of Mill and Jimisons creeks. 

In the eastern part of Newton County a small quantity of Izard 
limestone occurs along Buffalo River, the most western outcrop noted 
being in sec. 26, T. 16 N., R. 21 W., about a mile below Jasper. 

The Izard limestone is seen at its maximum thickness on White 
River at Penters Bluff, Izard County, where 285 feet are exposed, and 
the bed extends below the level of the river, so that the total thickness 
can not he ascertained. From this point it gradually thins eastward 
to R. 4 W. in Independence County and westward to R, 18 W. near 
the western border of Searcy County. It thus has an east^west extent 
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of more than 80 miles. Its width north and south variee from 3 to 
10 miles, depending on the topc^aphy. At Rocky Bayou its thick- 
ness ifi 160 feet; at Roasting Ear Creek, 150 feet; at St. Joe, 150 feet; 
on Jimisons Creek, southwest from St. Joe, 50 feet; at Penters Bluff, 
the lowest exposure on White River, 285 feet; and in sec. 26, T. 15 N., 
R. 10 W., opposite the lower end of Round Bottom, 130 feet. It 
extends much farther up the river and ends somewhere between the 
mouth of Livingstone Creek and Rappied Branch. On the east end 
of the river bluft, above the mouth of Hidden Creek, it is 250 feet 
thick. 

The Izard limestone is a smooth, fine-grained, compact, homogene- 
ous, Donfossiliferous, even-bedded limestone, breaking with a con. 
choidal fracture. It is mostly of a dark-blue color, varying locally to 
buff, Ught and dark gray, and almost black. 
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POLK BATOV AHS ST. OLAIX LIXI8T0HZ8. 

On the north sijle of White River the Polk Bayou and St. Clair 
limestones outcrop over a somewhat irregular belt 80 miles or more in 
length and from 2 to 10 miles in width, running across the central part 
of north Arkansas in a nearly east>-west direction, and extending from 
Hickory Valley in R. 5 W. toMountHereeyinR. 19 W., with isolated 
outcrops as far west as Jasper, in R. 21 W. In Independence County, 
at the eastern end of the area, the outcrop is all on the north side of 
White River. It crosses White River at Penters Bluff, from which 
place it is found only on the south side of the river. Its Qorthwest«m 
boundary in the main is the fault near St. Joe. 

In the western part of the area the outcrop is comparatively thin, 
the maximum thickness being exposed at Penters Bluff. The western 
and northwestern limits are fairly well defined. On the south the 
rocks dip beneath the overlying Mississippian beds of the Boston 
Mountains. 

On the south side of White River, as on the north side, the marble 
outcrops along the narrow, winding watercourses. On both sides of 
the river the rocks have a gentle south dip, so that as the northern 
limit of the outcrop is approached the limestones occur higher and 
higher up the hillsides until they are finally displaced by the under- 
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lying Ordoviciim rocks. On the south side of the river the Umestones 
gradually descend to the beds of the streams, where they dip away 
gently toward the south, disappearing beneath the overlying Missis- 
sippian rocks. Except where concealed by the chert dfibris, the limfr- 
stone outcrop on the south side of the river is continuous as far west 
at least as E. 12 W. 

The eastern limit of the limestone outcrop on the south side of White 
River is in the NW. J sec. 5, T. 14 N., R. 8 W., just aVwve Pentere 
BluiT. Opposite the bluff the limestone is concealed by chert d6bris. 
Upstream from the outcrop in see. 5 the hills become steeper and 
are so close to the river that from Penters Bluff to the mouth of 
Sylamore Creek they form a river bluff, which is broken by numerous 
small creeks and ravines and by two short strips of alluvium — Jones 
Bottom, in R. 9 W., and Round Bottom, in R. 10 W. This bluff is 
not so high nor so prominent as Penters Bluff, but it consists of the 
fi&me rocks — Izard limestone at the base, overlain by Polk Bayou 
limestone, which is capped with chert. 

The St. Clair and Folk Bayou limestones, considered together, fonn 
one of the thickest and most important series of limestones in the 
State. They are underlain by the blue Izard limestone and overlain 
by the Devonian Chattanooga sh^e or its basal sandstone member 
(Sylamore) , in places an inconspicuous bed only a few inches in thick- 
ness. In the absence of both the Sylamore sandstone member and 
the rest of the Chattuiooga shale the St. Clair and Polk Bayou lime- 
stones ore overlain by the St. Joe limestone, whidi forms the basal 
member of the Boone formation. 

The maximum thickness of these formations, which is 165 feet or 
more, is at Pentere Bluff, on White River. The limestones thin out 
gradually toward the east, west, and north; on Polk Bayou they are 
probably not more than 100 feet thick, and on Dota Creek, still farther 
east near the Paleozoic border, they do not occur at all. Above the 
mouth of Hidden Creek, on White River, they are 50 feet thick; but 
a few miles farther up the river, below the mouth of Twin Creek, only 
a trace of them remain. On the south side of White River, on Little 
Rocky Bayou, the thickness is from 25 to 40 feet ; on South Sylamore 
it is from 25 to 50 feet, and at St. Joe it is from 20 to 30 feet. 

In general, both the Polk Bayou and the St. Clair limestones are 
hi^y crystalline, being composed of small crystals of nearly uniform 
Bize. They are tenacious, easily cut, break with difficulty, and have 
a slightly conchoidal fracture. In weathering the cr^tals are sepa- 
rated, and the material then resembles coarse sand. 

These formations conmionly outcrop in heavy layers from 2 to 4 
feet or more in thickness ; but in some places the rock is massive, the 
entire exposure being in one solid bed. 

Digit zed by Google 
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Except where deeply stained with manganese and iron the St. Clair 
limestone is a remarkably pure carbonate of lime. 
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St. Joe marble is the name given by the Arkansas geologists to 
the conspicuous bed of red limestone which is widely distributed over 
neariy all the counties of Arkansas north of the Boston Mountains. 
It is so named from the village of St. Joe, in Searcy County, Ark., 
where there is a typical exposure and where it was first studied by 
the Arkansas Geological Survey. In the publications of the United 
States Geological Survey this bed is termed the St. Joe limestone 
member of the Boone formation. 

The St. Joe limestone is situated at the base of the Boone formar 
tion, of which it forms a part. It is underlain by the Chattanooga 
shale, where that formation occurs, or by Silurian or Ordovician 
rocks. In the eastern part of the marble area of the State it overlies 
the St. Clair limestone, from which it is separated in most places by a 
thin bed of Devonian shale or sandstone; west and north of the bor- 
ders of the St. Clair limestone it overlies the Ordovician saccharoidal 
St. Peter sandstone or the Yeilville limestone, with either of which, 
in the local absence of the Devonian Ohattanoc^a shale, it may be in 
direct contact. 

The thickness of the St. Joe limestone member throughout the 
greater part of the area in which it occurs is from 25 to 40 feet. But 
as in many places no definite line of demarcation exists between the 
marble and the overlying chert, the upper limit of the marble is some- 
what questionable. In some places in the eastern part of the area 
the chert rests directly on the Ordovician rocks, showing the entire 
absence of the St. Joe, and in other places, as in the vicinity of Marble 
City, the chert is at one place 100 feet and at another 250 feet above 
the bottom of tlie marble. In such places, however, the upper part 
of the bed is of gray limestone similar to that interbedded with the 
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chert elsewhere, but no shsrp line can be drawn between the red 
marble at the base and the gray limeatone overlying it, for the two 
gradually merge into each other. 

The chemical analyses given in the accompanying table show the 
St. Joe limestone to be a comparatively pure carbonate of lime, 

AnalifMt of limettone from St. Joe lim«itone mtmber of Boone formalvm. 





llarble 
atj. 


Rbodn 

Mm. 


htvk 
Creek. 


Bt.]oe 




:S 

-OH 

.015 


.Qtt 
.071 


!.<» 








Sa5SS&,!''^'-;:;:::::::;:::::;:::::::::r.::;::::::::::::- 






!70 


















.OM 
BtSBO 


.DOS 
13.63] 


.S2 

iz.w 












L™onlgnltiii(Cbi). „ 






iro,m 


100-177 


100. 3S 













UMUTOHXS or TBZ BOOn rOMCATIOW. 

The Boone fonnation contains large quantities of limestone, aome 
of the most valuable beds in the State occurring in it. In different 
parts of the region it differs widely both in quantity and quality. In 
some places it is made up almost entirely of limeetone, and in others 
it consists almost raitirely of chert. For convenieace it is considered 
under three heads: (1) The limestone underlying the chert; (2) the 
limestone overlying the chert ; and (3) the limestone in the chert bed. 

UMBBTONE UMDEELYINO THE CHERT. 

The bed underlying the chert has been designated the St. Joe 
limestone member and has already been described in detail. 

UKE^TONK OVERLTINO THE CHBBT. 

The limestone overlyii^ the chert ia classed bs part of the chert 
bed, but in many pl&ces it is apparently separate. In most places it 
is dark gray on a fresh fracture but changes on exposure to light 
gray, on account of the loss of bituminous matter. In some places 
the rock is almost entirely free from organic matter. It is coarsely 
ciyatalline, slightly fossiliferous, homogeneous in texture, very tena- 
cious and has a conchoidal fracture. It gives out a fetid odor on a 
fresh surface. In few places does it present sharp edges on weathered 
exposures but oatcrops in rounded bowlders or prominences through 
the soil. In places the limeetone contains numerous small angular 
fragments of chert. 

48834'— BuU. 522—13 7 
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The limestone overlying the chert bed was not observed in the east- 
em part of northwestern Arkansas, where, however, limeetone does 
occur in many places near the top of the chert bed but either con- 
tains intercalated chert or is overlain by thin layers of chert and is 
distinct lithologically from the bed overlying the chert in the western 
part of the area,' It occurs in the western part of the State, in Car- 
roll, Madison, Benton, and Washington counties, where it outcrops 
around the numerous outliers of the Boston Mountains. Compara- 
tively small quantities of it are exposed on Grindstone and Fond 
mountains, near Eureka Springs, but on Swain Mountain, T. 19 N., 
R. 26 W., it forms a prominent ledge around the east end of the 
mountain between the chert and the overlying BatesviUe sandstone, 
outcropping in rounded ledges along the Eureka SpriugB-Hunteville 
road, where it is very dark, almost black, on a fresh surface. It is 
exposed in lai^e quantities in Stanley Branch around the borders of 
the BatesviUe sandstone areas, in heavy ledges around the base of 
Keefer Mountain south of Hindsville, about Goshen, in T. 17 N., R. 
28 W., on the tributaries of Richland Creek, and on Poor, Ellis, Hum- 
phrey, Blansett, and other mountains on the west side of White River. 

UHBffTONES IH THZ CBEBT BED. 

Though most variable in quantity and quality, the Itmestones in 
the chert form some of the largest and most valuable beds in North 
Arkansas. Instead of a persistent, clearly defined bed of limestone 
running through the chert, there is rather a bed of chert, with lai^e 
quantities of hmestone variously mixed through it. In some places 
the limestone occurs in irregular layers, varying from an inch to a foot 
or more in thickness, intercalated with Uke irregular layers of chert; 
in other places it occurs in lenticular masses; again, the chert occurs 
in lenticular or nodular masses in the limestone; in still others the 
chert and limestone are so intimately diffused that it is not possible 
to draw any sharp line between them. In many locahties, however, 
the limestone forms a bed from 20 to 100 feet or more in thickness, 
almost or entirely free from chert, and it is in such places that the 
stone acquires economic value. The variabiUty of the Boone forma- 
tion is largely due to local causes favoring or retarding replacement 
of limestone by chert. 

Nearly all the limestone in the chert is more or less crystalline, but 
it is much more so in some places than in others. In a general way 
it is more crystalline in the central part of the area than it is either 
to the east or west and more crystalline to the east than to the west. 

There are many local changes in color, texture, and structure of the 
limestone in the chert, and there are some distinctly marked vuieties 
of it. 

> E. O. Ulrtcb atatcs that p4it of thU lirnestODB— tlia hJaCk vulety— la ■ bed in tbe bull p4it ol tba 
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The oolitic limestone, which is ooe of the most Taluable varieties, 
is known to occur at three localities — ^northeast of Bateaville ; near 
War Eagle &eek, about 4 miles north of Huntsville; and on Brush 
Creek, in T. 17 N., R. 28 W. The rock at Batesville ' occura in layers 
from 3 to 5 feet thick and can be quarried in as large pieces as can be 
handled. In color and appearance it somewhat resembles the oolitic 
stone of Indiana, but it is harder and more crystalline than most of 
the latter and is harder to work. At the two other locaitties it is 
lighter colored, softer, and more eaailj wrought. 

Another variety, found in the western part of Independence County, 
is a hard, compact, close^ained, finely crystalline, slightly fosailifer^ 
ous, dark-colored stone, the dark color being due to bituminous mat- 
ter, which in some places occurs only in such small quantities as to 
give the stone a %ht^a7 color. In some places the limestone 
develops a shaly structure, but in most places it occurs in firm, solid, 
and resonant layers from 2 inches to 3 feet thick. 

A variety widely distributed over the central part of the area is 
highly fossiliferous, coarsely crystalline, and varies from light to dark 
gray in color. The fossils are mostly crinoid stems, though the rock 
contains numerous bryozoans and brachiopods. In some places it 
contains considerable amorphous matter, but at many others it is 
almost completely crystalline. 

The limestones in the chert vary greatly in composition, ranging 
by close gradations from chert to (dmost pure calcium carbonate. 
However, nearly all the large beds are comparatively pure carbonate 
of lime. ' Some nodules or lenticular masses of chert occur in the 
heavy beds of limestone, but nowhere was any considerable quantity 
of siUca found diffused through them. The whole series, in fact, 
might be divided into (I) chert almost free from lime, (2) cajcareoua 
chert or siliceous limestone, and (3) comparatively pure limestone. 

Analii$ei of lim^stonet /nna dtert bal in Boone /orpuUion. 
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Partial omt^fM qfUmaUnu/mn Ae tAtrt Min Boone Jonmitioti. 
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The Pittdn ("Aicbimedes") limestone is impure, geaerally loose 
textured, very fosailiferous, and varies troia bluish-gray to brown. 
la most places it is distinguished by a spiral-shaped bryozoan of the 
genus Archimedes, from which its former name was derived. The 
compactness of the stone appears to vary with the size of the fossils. 
Where these are large the texture la open, or even loosely aggregated; 
where they are small they are closely compacted and the rock is firm 
and durable. In some places the formation grades into sandstone, the 
change being bo gradual that no line of demarcation is visible; in 
other places it is very argillaceous ; and as a i-ule it contains iron and 
bituminous matter. At some localities it has a loose, shaly structure, 
and in others it occurs in strata 10 feet or more thick. 

The Fitldn limestone varies in thickness from a few inches to 80 
feet or more. It measures 25 to 40 feet in Washington County, SO 
feet on Pinnacle Mountain, Newton County, and is apparently more 
than this on the face of the Boston Mountains, south of Buffalo River, 
where no measurement was made. C. £. Siebenthal reports a thick- 
ness of 200 feet in the Boston Mountains, south of Mountain View. 

This Pitkin limestone is widely distributed over northem Arkansas, 
occurring in nearly all rock exposures at the proper horizon, but as it 
is in some places less durable than the overlying rocks, it is frequently 
concealed by talus. Elsewhere it is more durable than the over- 
lying rocks and forms a prominent escarpment along the face of the 
mountains. It outcrops along the north face of the Boston Mountains 
and in many of the northem outliera from Independence County west 
into Oklahoma. It outcrops also on the south side of the Boston 
Mountains in several places in Crawford, Franklin, Johnson, and 
Newton counties. In Limestone Valley, Franklin County, it has a 
thickness of 100 feet or more. 

It is prominently developed in the group of mountain peaks in the 
southern part of Boone County and the northern part of Newton 
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County. At Fodder Stack it forms the cap rock, about 100 square 
feet. Od Htmacle Mountain it occurs in a prominent ledge 80 feet 
thick, 400 feet below the top of the mountain. On Pilot Mountain, 
at the north end of Boat Mountain, it is 30 feet thick and lies 200 feet 
below the top of the mountain. It is concealed by talus in numy 
placea on both Pilot and Boat mountains, 

Lat^ge expoauree of the Pitkin limestone exiat on both sides of 
Buffalo River, in Newton County, on the mountain between Big and 
Little Buffalo creeks, and at many places along the north face of 
the Boston Mountains in Searcy, Stone, and Independence counties. 
The rock is conspicuous on the mountain south of Jamestown, Inde- 
pendence County, B8 well as at many places on Salado Creek, in the 
same county, and it skirts the highlands southwest of the Oil Trough 
bottom, 

OBSTAOtOUS OHALX BIOS.' 
DI8TKIBUTIOK AND CHARAtTTBB. 

ITie Cretaceous rocks of Arkansas occur only in the southwestern 
part of the State, reaching as far northeast as Arkadelphia. (See 
PI. III.) On the north they are bordered by Paleozoic sandstones 
and EAiales, and on the south and east they pass out of sight beneath 
sands, gravels, and clays of later age. 

The only part of the series considered here is the chalk formation 
of the Upper Cretaceous. This is geologically continuous with the 
Austin chalk of Texas (see pp. 335-336), but is covered in many 
places by sands, gravels, and river bottoms, so that it occurs as a 
series of isolated outcrops. It outcrops near Rocky Comfort, in Little 
River County, and near White Cliffs, Saline Landing, Washington, and 
Okolona, and on Big and Little Deciper creeks. 

The chalk of all these areas is of Upper Cretaceous age, but it 
varies considerably in stratigraphic position. The chalk beds at 
Rocky Comfort, White Cliffs, and Saline Landing become more sandy 
and clayey and less chalky as they are traced northeastward from 
the last-named area, and in a short distance become worthless as 
cement materials. In the same re^on a series of limy clays, situated 
geologically about 200 feet above this first chalk series, becomes more 
chalky as it is traced northeastward. This second chalk bed is 
worth considering as a cement material in its outcrops near Washing- 
ton and Okolona and on Big and Little Deciper creeks. 

The first or lower series of chalk beds is the Annona ("White 
Cliffs") chalk and the second or higher series is the "Saratoga" chalk 
member of the Marlbrook marl, each being named from a locality at 
which it is well exposed. 

1 TliB dooilpaan of the Cntaoaou) ctwDu Is In Ives put Ukeo trcm a Ter7 deUlliHl TBpart bf J. A.. Tafl 
ooThBDhalk ot KHithwintem Aikauiu, wltli aatas on Its adaiiUibUlty to tbe muuifBOlaraOt hjdnnllo 
oemeuU: Toraatr.ueoail Aon. Rapl. U. B. OmI. Survey, pL 3, IKQ, pp. aae-743. 8« br as posribia tbSt 
mMWr Is stated In lit. TilTs owii wnds. 
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AHNONA ("WHTTK cuffs") CBALK. 

Rocky Comfort area. — The chalk which outcrops in the vicinity of 
Rocky Comfort is remarkably uniform in physical appearance. It 
is massive, white, sufficiently friable to soil the fingers, and may be 
broken in thin pieces by hand but can be pulverized only by a ham- 
mer. On exposure the chalk breaks into conchoidal fragments, 
which weather to lumps and finally become chalky dust. In the 
hillsides south of Kocky Comfort the bedding is scanty perceptible. 
In physical appearance this chalk is like that near White Cliifs and 
is of practically the same composition as that from White Cliffs 
quarry. 

The lower beds are exposed by the road in the SE. i SE. i sec. 21, 
T. 12 S., R. 32 W., and also near the middle of sec. 21, with chalky 
marl cropping below. These basal beds are more clayey and siliceous 
than those higher in the formation south of Rocky Comfort. 

From the center of sec. 21 to the "line road" in the SW. i sec, 29 
the chalk is concealed beneath residual black soil. At the line road 
the chalk is well exposed in ditches and on high ground along the 
road ahnost through the SE. i SW. i sec. 29. The lower beds of 
the formation are also exposed in the hill and bluff facing the river 
bottom in the NE. { NE. i sec. 31. 

From the base the chalk grades downward through bluish clayey 
chalk into still less chalky clay. This transition clay chalk is exposed 
at the contact in the SW. i sec. 29 and in deep ditches on the bill 
slopes below the Hopson graveyard, in the NE. j NE. J sec. 30. 
Though analysis (No. 2, p. 112) of the transition clayey chalk from 
the latter locahty shows that the marl contains 25 per cent of silica, 
sand is not visible. 

From sec. 30 northward to the Holman place, near the center of 
sec. 18, the clayey chalk is generally concealed by its residual soil. 
Grayish-blue, sandy, chalky marl, partly indurated at the surface, 
outcrops at the Holman House and in gullies 500 feet farther west. 
This chalky marl is perceptibly more sandy than that higher in the 
section immediately below the true chalk. 

The crumbling edges of the chalk deposits outcrop in the low bluff 
of Wahiut Bayou bottom from the NE. j NE. } sec. 30 southward 
to the extreme south end of the chalk area, in the SE. i SW. i sec. 32. 

Excellent exposures of the chalk occur in and near the road in the 
SW. i SW. i sec. 32. (See analysis 3, p. 112.) The chief difference 
between this and the other samples of the purer chalk analyzed is 
that it contains much more clay. The only perceptible physical 
difference, however, is that it is a little harder. 

A rather large exposure of white chalk, of beds near the top of the 
formation, appears on Col. Henry Hawkins's place, in the NW. J 
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sec. 33. About one-fourth mile southeast of the house, in the SE. \ 
>rW. i sec. 33, the top of the true chalk and the base of the succeed- 
ing chalky marl are exposed. A thin mantle of gravel conceals 
part of both the chalk and the marl. The upper layers of the chalk 
are also exposed south of the branch, in the SE. i sec. 28. 

There are smaller exposures of chalk in this region, but it is believed 
that those above described are typical. 

WAiie Cliffs area. — The chalk exposed in the White Cliffs area occu- 
pies parts of sees. 26, 26, 35, and 36, T. 11 S., R. 29 W., and sees. 30 
and 31, T. 11 S., E. 28 W., covering an area of about 600 acres. 

A large part of the chalk of the area is covered by a thin mantle 
of gravel and sand. In places this gravel may be several feet thick, 
but it is believed that it will nowhere interfere seriously with the 
removal of the chalk. The chalk is also concealed in places, espe- 
cially near the border of the area, by its own residual soil, contain- 
ing scattered pebbles or a very thin layer of gravel. 

The mtwt noteworthy exposure of chalk in southwestern Arkansas 
occurs in the clifiFs overlooking Little Kiver from the east side, in the 
northeast comer of sec. 35, T. 11 S., R. 29 W., immediately above the 
ferry. 

From the brink of the cliff down to the water level is 115 feet, and 
about 15 feet of chalk is exposed at a higher level by the road which 
leads from the cement works. The following is a detailed section, 
b^;inning at the top of the chalk and marl in the cliff: 

Section at WkUe Cliffi Lavdms. 

tttfL 

1. Massive cretuny-white cbalk, in b«ds from » foot to about 10 feet thick, Mp- 

aiatad by thin partings of very digbtly laminated phalk. The variation 
in the ch&iacter of the chalk from bed to bed is not perceptible on physical 
examination, and the etratiiicatioa planes are not clearly defined except 
UlK>n partial weathering of the rock, (See analyses 7, 8, and 9, p. 112). . . 60 

2. Maadve dull bluiah-white siliceoua chalk. Slightly harder than the pure 

chalk of 1, practically without indication of bedding, and because of its 
hardneae projects in a steep bench overhanging the leas chalky beds 
below. Containsnearly twtceaamuchHilicaaa 1. (SceanalysiaG.) Occurs 
in the bench beneath the quarry and payees to the level of the river bottom 
near the clay pit south of the works. Outcrops also near the middle of the 
bluffs north of the clifie, spreading out at the sur&ce in the cultivated fields 
a mile southeast of the village of White Cliffs 25 

3. Mafisive, very siliceoiiB dutl-blue argillaceous chalk marl. Contains more 

than twice as much snd and nearly three times as much clay as 2. Very 
friable; weathers in recesses beneath the siliceous chalk 8 

4. Bluish sandy, chalky mari, containing great numbers of the fossil shell 

Gryphtca vttiadarit. Except for the abundant fossils this rock would be 
classed with No. 3, though it is probably slightly more sandy 7 

5. Bluish sandy, chalky marl, gradually increasing in sandiness from the top 

downward to the level of the river 35 
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The lower 30 to 36 feet of the white chalk of 1 is freshly exposed in 
the quarry. The top of the bliiiah-white ch&lk of 2 forms the bench 
beneath the quarry and occurs at the base of the bluff southeast of the 
landing. The aandy chalk members 3, 4, and 5 rise gradually nortb- 
ward from the lower part of the cliff and are found in the highland 
between 'WHtecliffa and Brownstown. 

One-half mile west of I>r, Coats's house, in the NW. J see. 23, T. 
11 S., R. 29 W., bed 4 is exposed at the top of the bluff. Below it 
the following section is well shown in deep gulties down to the level 
of the valley: 

Seciion of marl below the Annona ehall. 

Feet. 

1. Sandy, rhalky marl. Dull bluish when not ireathered, becomiiig gt&yuh 

or whitish yellow after long exposure. Oontaiivi numerous specimens of the 
large oyater Bxogyra pondentm, besides Oitrea larva and many other foesiJs 
common to the Upper Cretaceous marla. The upper half of this member Is 
bed 5, at the base of the cliff at White Cliffg landing 60 

2. Blue clay marl. Contains some large oyBtera as above; has leas lime and 

much more clay than 1 30 

3. Dark-blue gritty green^nnd marl. Contains srattcred smooth round pebbles 

of black and white quartz an inch and less in diameter 10 

A. Blue clay mart down to the level of the bottom land, exposed 15 

This section is about 2 miles north-northeast of the chalk cliff in 
the NW. \ sec. 35. The sandy marl bed, here about 100 feet above 
the river, is at water level at the cliff. This marl bed with the asso- 
ciated marls and chalks above, which are conformable with it, dips 
toward the southeast at the rate of about 50 feet to the mile. The 
base of the chalk at the north side of the chalk area is fully 50 feet 
above the river bottom. At the south side, a mile distant, it is at 
the level of the bottom. There may be local variations in the dip of 
the beds, but the general dip is estimated to be nearly 50 feet to the 
mile toward the southeast. 

Saline Landing area. — The chalk of the Saline Landing area 
extends with practically continuous exposure from the chalk bluff at 
Saline Landii^, in the S. J sec. 35, T. 11 S., R. 28 W., to sec. 14, T. 
11 S., R. 27 W., and is about 7 miles in let^h and one-third mile in 
width. (See PI. III.) 

The base of the chalk is not exposed in this area, though the lower 
sandy member outcrops in sees. 21 and 22, toward the source of Plum 
Creek, in the border of the creek bottom, within less than a mile of 
the exposure of fossiliferous blue marl outcropping on the north side 
of Plum Creek in sees. 15 and 16. The structure of the rocks shows 
that this marl belongs not more than 50 feet below the base of the 
chalk. 

The chalk at the top, as exposed in many places in the south side of 
the area, grades up into blue clay marl through 20 to 30 feet of 
marly chalk and chalky mart. This gradation is especially well shown 
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in the chalky barren hill slopes near the Columbus Mmeral Springs 
road, in the south side of see. 14, T. 11 S., R. 27 W. 

The thickness of the chalk in the southwestern part of the area is 
not known, as its lower portion is concealed. Near the northeast 
comer of sec. 22, T. 11 S., B. 27 W., the full thickness of the purer 
chalk above the lower sandy member will not exceed 25 feet. Near 
the east side of sec. 14, T. 11 S., R. 27 W., the entire chalk bed passes 
beneath the bottom of Plum Creek. 

The divide between the sources of Plum and South Ozan creeks is 
flat, and the chalk deposits are entirely concealed beneath the soil. 
The crop of the chalk, as indicated by the structure of the rocks, 
would extend northeastward through sees. 7, 8, 5, 4, and 3, in T. 1 1 S., 
R. 26 W., and into Ozan Creek bottom. (See PI. III.) 

The chalk bluff at Saline Landing rises 20 feet above low water 
and is about 300 feet long. When visited by Taff the river was at 
flood, and less than 10 feet of the bluff was exposed, showing a white, 
massive rock, without distinct bedding planes, with the upper 5 feet 
weathered to a chalky earth. Specimens of the chalk were collected 
from the water level, which would be near the center of the bluff at 
the usual low stage of the river. Analysis shows that this chalk is 
nearly the same as the lower sandy member of the Annona chalk, and 
suggests that it is in the lower part of the chalk formation of the 
Whitecliffs area. (Compare analyses 6 and 10, p. 112.) 

The chalk has been quarried for building stone near the top of the 
formation in the northwest comer of the NE. J SW. J sec. 30, T. 1 1 S., 
R.27W. Analysis 11 (p. 112) isof freshchalkfromthisqiiarryand ■ 
shows it to be of nearly the same composition as ihat near the top of 
the chalk at White CUffs. 

From the top of the chalk in this vicinity there is a gradual change 
upward through about 10 feet of marly -chalk and then through nearly 
30 feet of chalk marl into an overlying blue-clay marl, which is 
continuous for 175 feet to the base of the "Saratoga" chalk member 
of the Marlbrook marl. The middle portion of this chalk is exposed 
in the lai^e mound, surrounded by the bottom land of Plum Creek, 
in the center of the SB. i SW. J sec. 21, T. 11 S., R. 27 W., on 
J. E. Johnson's place. Here also the chalk has been quarried, giving 
fresh exposures of the rock. Analysis of fresh chalk taken from this 
quarry is nearly the same as that from the quany of the White Cliffs 
Cement Works. (See analysis 12, p. 112.) The lower sandy member 
is freshly exposed in the head of the laige drainage ditch near the 
middle of the west side of the SW. i NW. J sec. 22, T. 11 S,, 
K. 27 W. ■ (Compare analyses 6 and 14.) The upper and purer chalk 
member is well exposed in the ditches and chalk barrens on the lower 
ridge across the SW. 1 NE. i sec. 22, T. 1 1 S., R. 27 W. 
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The easternmost exposure of the chalk south of Plum Creek is in 
the SE. i sec. 14, T. 11 S., R. 27 W., where the chalk barrens in the 
slopes of the hill show the upper edge of the chalk and the succeeding 
chalk and clay marl for 50 feet above the creek bottom, 

"sabatooa" OIUI.K MBMBBB or marlbkooc marl. 

DistrHution and character. — The "Saratoga" chalk lies nearly 200 
feet above the Annona chalk, above clayey beds belonging to the Marl- 
brook marl. It is also overlain by marl beds belonging to the Marl- 
brook, of which it thus forms the intermediate member. It has a 
maximum thickness of about 50 feet where complete sections hare 
been found. The nature of the deposit varies only slightly from top 
to bottom and shows but little change along its outcrop from the 
vicinity of Saratoga near West Saline River, in Hempstead County, 
to Little Deciper Creek near Arkadelphia, in Clark County. The 
"Saratoga" chalk member is not known in this region west of West 
Saline River, because of erosion and of concealment by late Tertiary 
gravel and sand in the highlands and by Pleistocene alluvium and 
silt in the lowland and river bottoms. 

Omeral tection of tht "Saratoga" chalt. 

hrt. 

1. Chalky rock cootiDuing upward from 2. Becumea more Bandy Ihrou^ im- 

perceptible grades to limy greenaaud at the top of the memb«r. Analysee 
from the chalk near tlie central part of this division ahow it to contain 
from 40 to 50 per cent of mlica 20-30 

2. Generally even-textured chalky marl, which containa leea nnd than the 

higher beds. Analysis shows it to contain about 31 per cent of BilJceoua 
matter. Tixo sand is perceptibly finer and the rock is more chalky in ap- 
pearance than in other parts of the member 10-15 

3. Sandy clayey chalk, containing great numbers of the tomi\ oyster Gryphtat 

venaihru. These fossils are found in the marls some distance both above 
and below this member, but in no otfaer bed of rock in this region have 
they been found in such abundance. In natural exposures the chalk 
weathers from about them so that they generally almost cover the auiface 
of the ground or are scattered in the soil. This shell bed at the base of the 
member is very chatacteristic and easily recognizable. It outcrops at the 
north border of the "Saratoga" chalk member and throughout its extent. . 3-6 

The "Saratoga" member is massive, dull bluish, sandy, and chalky. 
Exposiu^s do not usually show distinct bedded structure, though a 
slight variation in weathered surfaces may indicate the dip of the 
rock. As the rock weathers it changes in color from duU blue to 
grayish and creamy white. Its hardness and general physical ap- 
pearance are almost identically the same as those of the lower sandy 
member of the Annona chalk. It breaks in rudely conchoidal 
flakes and crumbles at the tap of the hammer. Small pieces of the 
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fresh rock may be broken by the hand and crumbled to dust between 
the fingers, but not without Bome diiHculty. 

WasMngUm area. — The rock Beotion is well exposed in the Wash- 
ington area, as illustrated in the section below: 

Section north of Saratoga. 

F«M. 

1. SiuficiaJ depceit of fine yellow aand, exleadiag from the level of Saratoga 

dowD to the "Saratoga" chalk member, about 40 

2. " SanLtngs " chalk member of Marlbrook marl exftosed in brink of hill north 

and east of Saratoga and in knob one-half mile north of Samloga, lower 
beda of the member 20 

3. Limy blue-clay marl {Uarlbrook marl) 176 

Exposed around the base of the hill at Sarstoga; in the cultivated lands 
IJ milee north of the town it becomes gradually more chalky downward 
from the lop to ita contact with the chalk marl below. 

4. Bluish friable chalk marl (Marlbrook marl) 20-30 

Gradation bed from the blue marl above to the purer chalk below. 

5. Whit« Annona chalk in the Saline Landing area. 

Thick deposits of sand cap the hUl at Saratoga, concealing all the 
chalk rock except the lower beds in the slopes east and northeast of 
the town. 

The lower part of the "Saratoga" chalk member outcrops in a 
considerable area on Mr. Jones's place in the NE. J sec. 35, SW. i 
sec. 25, and SW. J sec. 36, T. 1! S., R. 27 W. The chalky oyster- 
shell bed at the base of the member is well exposed north, south, and 
west of the house, which is in the NE. J !NE. i sec. 35, 

Samples of the chalk taken from the top of the oyster-shell bed 
near the base of the member are not physically difierent from the 
same bed examined at other localities in the area. The fresh rock 
is grayish white and sandy. 

The shell bed at the base of the member ia exposed at the edge of 
the highland near the Columbua-Albrook road, a mile northwest of 
Columbus. The same bed is exposed also at the crest of the highland 
a mile north of the town. The chalk marl highest in the member 
occurs in the cultivated fields between the outcrop of the shell bed 
and the town. 

From near Columbus eastward to the end of the member in the 
Washington area the whole of the"Saratoga" crops out oris covered 
only lightly by soil. Throughout this extent the basal shell bed is 
almost continuously exposed, except in the very bottoms of the 
valleys, and may be easily distinguished through the open fields by 
the abundant shells weathering upon its surface. 

Between Columbus and the railroad north of Washington the out- 
crop of the chalky marl is not more than 30 feet thick, and usually 
10 to 20 feet of the lower part was all that was exposed. 
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The overiying greenaand marl is more friabie than the "Saratoga" 
chalk, and its soil deecenda and conceals the contact between the 
two as well as the upper part of the latter. A section of the "Sara- 
toga" chalk with better exposures than are usually found occurs 
along the railroad north of Washington. 

The north cut on the railroad is in a blue clay-marl 30 to 50 feet 
below the base of the "Saratc^a. " It is 10 feet deep and about 300 
feet long. The marl in this cut, which was originally blue, is weath- 
ered to a creamy yellow to a depth of about 8 feet. It is transected 
by many joints, which pass nearly vertically across the bedding 
and continue down below the base of the cut. Along these joints, 
even below the zone of general weathering, the blue color of the marl 
is changed to yellow to a depth of several inches. The fresh marl is 
friable when dry and plastic when wet. It has a very fine texture 
and contains scarcely perceptible grit, yet analysis shows it to con- 
tain 43 per cent of silica and 6.5 per cent of clay. (See analysis 15, 
p. 113.) Nearly 40 per cent of this silica is in the form of impalpable 
sand. 

The shell bed, the base of the "Saratoga," is exposed in the field 
southwest of this railroad cut. The middle cut is one-third mile 
south of the north cut and is in the lower part of the "Saratoga" ch&lk 
above the oyster-shell bed. This cut is 300 feet long and but a 
few feet deep, exposing an estimated thickness of 15 feet of rock. 
The structure of the rock indicates a low inclination toward the 
south, but is not sufficiently clear to determine the d^ree of dip. 
Ditches above the south end of the cut expose about 25 feet of chalk 
marl above that at the railroad, making the whole section of rock 
' exposed at this place nearly 40 feet. Verj' little change in the 
nature of the rock could be noted. The fresh chalk rock near the 
center of the middle cut,4rom the lower and more chalky part of the 
member, contauis less than one-half the amount of silica found in 
the blue marl 40 feet below, though in physical uppearance it is more 
sandy. (See analysis 16, p. 113.) 

One-half mile south of the middle cut and a few hundred feet north 
of the south cut the top of the "Saratoga" is exposed in a ditch at 
the raihoad. The sandy marl m this exposure is but little above the 
chalky marl at the top of the exposure opposite the middle cut. It 
is massive, dull blue, and very sandy, approaching a sandstone in 
composition. 

The south cut, which is about 2 miles north of the town of Wash- 
ington, is in the lower part of the greensand marl which overlies the 
"Saratoga." This cut is about 30 feet deep and about 300 feet long. 
From the surface downward about 20 feet the greensand is weathered 
from dark blue or greenish blue to shades of dull brownish yellow. 
Unaltered marl was collected from near the base of the cut (analyus 
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17,p. 113). It is very Bandy, containing 75,77 per cent of silica and 
5.72 per cent of lime. Similar greensand marl, estimated to be more 
than 100 feet thick, occurs between this cut and Washingi^en. 

From the railroad eastward to the end of the member in this area, 
insec. 29, T. 10 S., R. 24 W., the "Saratoga" chalk crops in an irregu- 
lar belt one-half to three-fourths mile wide, making an intermediate 
opland, marked by projecting ridges and spurs, between the high tim- 
bered greensand country on the south and the fiat black land of the 
clay maris bordering Ozan Creek bottom on the north. 

OJcolcma area. — Okolona area is in the southwestern part of Clark 
County, south and east of Okolona, between the bottom lands of 
Antoine and Terre Noire creeks. 

The "Saratoga" chalk at the crest of the ridge south of Okolona 
is 50 to 150 feet above the lowland to the west and south. The crest 
of this ridge slopes southward with the dip of the rock, which is 
neariy 50 feet per mile. 

East of Okolona the chalky marl forms a triangular area of rolling 
upland about 3 square miles in extent. 

llie stream which rises in the southwest part of the town and flows 
southeastward past the railroad station separates the area south of the 
town from that east of it. It is probable that these two areas are 
connected by narrow bands of outcropping marl which extend down 
the sides of the valley about 2 miles southeast of the village. 

The "Saratoga" chalk is exposed near the crest of the escarpment 
north of the Okolona-Dobyville road, from the east side of sec. 30, 
T. 8 S., R. 21 W., to the edge of the Terre Noire bottom, U miles 
east of DobyviUe. 

The marl near the middle of the " Saratoga " member is well exposed 
toward the top of the ridge at the forks of the road, 1^ miles south of 
Okolona. In physical appearance this rock is the same as that at the 
middle of the member in the vicinity of Washington. It is massive 
and dull blue on fr^ exposure and weathers to shades of drab or 
light yellow. It contains nearly 43 per cent of silica and 40 per cent 
of calcium carbonate. (See analysis 19, p. 113.) 

Two and one-half miles south of Okolona and one-fourth mile 
west of the road, on the Mat Hardin place, deep guUies expose the 
lower 20 feet of the "Saratoga" member as well as the blue marl 
below. The Oryphaa veaiailaris zone is well marked, but the fossils 
are a little less abundant than in the Washington area, 20 miles 
farther west. In the lower 10 feet of the member the chalk-marl is 
finer in texture and more chalky than in the higher beds. The 
silica is nearly 10 per cent less than in the marl near the middle of 
the member. (See analysis 21, p. 113.) 

Numerous other exposures of the lower part of the member occur 
in the gulhes and slopes of the hill on the west side of the ridge, where 
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the land was once cultivated. The top of the "Saratoga" member 
passes beneath the bottom land of Little Missomi River, about 3 
miles south of Okolona. 

Five miles south of Okolona the greensand marl above the "Sarar 
toga" chalk member forms the bluffs from the level of the little 
Missouri bottom up to the top of the ridge. 

About 20 feet of the middle portion of the member is exposed in 
the Okolona-Garden road a mile east of Okolona. 

In the high rolling country east of Okolona the " Saratt^a" member 
is generally concealed beneath its own soil or beneath sand of Neo- 
cene age. 

The lower beds of the chalk outcrop in the Okolona-Dobyville road, 
3 miles west of Dobyville, and at several other places in the top of the 
escarpment between Okolona and Dobyville. 

One-fourth of a mile north of Joseph Doby's house, at Dobyville, 
the full section of the "Saratoga" member b exposed in an old field. 

The following section shows the character of the "Sarat<^a" mem- 
ber at Dobyville : 

Section at Dobyville. 

FMt 

1. Gmvel, redduh and yellow Btntifi«d clays 20 

2. Blue marl K 

3. Dull-bluiah chalky marl. Slightly indurated at the top. Contains aumer- 

oUE cante of bivalve shells and gMtropods. (^Icareous sandstone at the top 
becoming more chalky downward until the lower part of the chalky marl 
is found to be tJie eame as that occurring south of Okolona and in the Wash- 
ington area 35 

4. Even-textured chalk-marl with Gryph^a reticularis shells at the base. Con- 

tains more chalk than the beds above and has finer texture. In pkcen, 
also, very fine particles of greensand were noted disseminated Uiroi^fa the 

6. Fine-textured blue clay marl; the upper part of the 150 to 200 feet of blue 
marl (lower part of Horlbrook marl), which lies between the Annona ch»lk 
and the "Saratoga" chalk member. 

From the vicinity of Okolona eastward, the outcrop of the "Sara- 
toga" member descends gradually from the brink of the escarpment 
to the level of the river bottom, neariy 2 miles east of Dobyville. 

Deciper area.— The next known occurrence of the "Saratoga" 
chalk member east of Okolona is on Big Deciper and Little Deciper 
creeks, 3 to 5 miles west of Arkadelphia. 

He occurrence of the "Saratoga" chalk on the Deciper creeks is 
confined to outcrops in the middle and lower slopes of the valley near 
the Arkadelphia-DobyviUe and Arkadelphia-HoUywood roads. (See 

PI. in.) 

Near the center of sec. 28, T. 7 S., R. 20 W., on the Bozeman place, 
one-third mile northeast of the house, about 30 feet of the "Sarati^a" 
member is exposed, as follows: 
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Stetion of At "Samtoga" thalk at the Bouman plaee. 

1. Sutdjr eoi] to the top at the ridge. Foot. 

2. Chalky marl, more eandy ttuut 3. The eandy element in this marl increaaeB 

in quantity upward 10-15 

3. Eveo-teztured blue chalk marl. Contains a BprinUing of fine greensand. 

The same in all respecta as the lower 16 feet of the member at Dobyviile 
ftnd Oholona. Contains about 30 per cent of sand and 61 per cent of chalk. 
(See analysis M, p. 113) 16 

4. OryjJuea vaicularU zone, shell marl. Limits not sharply markod. Through 

1 to 2 feet <A the marl at the base the sheila are abundant, and in it is a thin 

layer of ahella indurated by calcareoua malaix 1-2 

6, The blue marl fmn the G'rypAjEa iwncuinrv zone dowDward; exposed 15 

At one place one-fifth mile northeast and at another 500 feet east 
of the Bozeman house the chalky marls occur h^her in the member 
and are still more sandy than that of No. 2 in the section. Tliese 
outcrops are in the heads of narrow gulches which descend to the 
Deciper Valley. At the locality 500 feet east of the house the 
marl is very sandy, partly indurated, and contains numerous casts 
of fossils similar to those found near the top of the member at Doby- 
viile. The exposures are just below the springs which flow from the 
base of the stratified yellow sands and blue clays. They show about 
10 feet of marl oveiiain by about 10 feet of interstratified sand and 
clay, followed by an overwashed yellow sandy soil to the top of the 
hill, 40 feet above. 

One-fourth mile southeast of Mount Bethel Church, near the north- 
east comer of sec. 33, T. 7 S., R. 20 W., beds similar to those east of 
the Bozeman house are exposed. A sprii^ issues from the contact 
between the chalk-marl and the overlying sand and blue clay. The 
top of the marl is 70 feet below the crest of the hill. 

The chalky sand of the upper part of the "Sarati^a" member is 
exposed on the Arkadelpbia-Okolona road, on the west bank of Big 
Deciper Creek, near the middle of sec. 34, T. 7 S., R. 20 W., as well 
as in the bluff of the creek near by. The top of the sandy marl, which 
stands here 20 feet above the creek, contains casts of fossils as at the 
Bozeman place, and is overiain also by the same kind of interstratified 
sand and clay. • 

Twenty feet of the even-textufed lower and more chalky division 
of the "Saratoga" member is exposed in the road cut on the Arka- 
delphia-Okolona road, 100 yards west of Little Deciper Creek. 

Sand and clay conceal the higher beds of the member. The Gry' 
phsea vesicuiaria zone, with underlying blue mar!, outcrops a few feet 
above the creek bottom. 

One-half mile above the road, on the Wri^t place, the lower 30 feet 
of the " Saratoga " member is exposed in the guUies at the west side of 
tiie creek bottom. The lower 10 to 15 feet of the marl is identically 
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the same as that found at the road and on the BozemaD place west of 
Big Deciper Creek. (See analysis 26, p. 113.) The basal division of 
the member, containing the same indurated shell bed, outcrops about 
10 feet above the creek bottom; beiow it is the blue marl. Yellow 
sandy clays overiie the chalky marl here, as in the exposures noted 
on Big Deciper Creek. 

At the east side of the creek bottom, on the ArkadelphiarOkotona 
road, and northward through the Haskias place, the lower part of 
the "Sarat(^a" member is exposed in gullies in on abandoned field. 



The following table gives analyses by chemists of the Uoited States 
Geological Survey of chalk and chalk marl from the Cretaceous beds 
of southwestern Arkansas : 

Analyu* of ehaik and chalk marl from, touihwatent, Arhamat. 
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9 " IiwAubtB " RAn tobuolnble Id BCL The otbei (olumiu refer to the >o 

Rocky (^omtiirt area: 

1. SW. 1 8W. 1 aeo. 32, T. 13 3., R. 31 W., 1 miles nutbirest oC Ronky Conifbrt. Whita dnik hmt 

the middle of the Aimona ohalk. 

2. NE. 1 NE. )^ aec 30, T. 12 B., R. 32 W., 2 mllea west of Rocky Comlort. The otaellty mail Imm- 

dlately below the white chalk. 

3. Bo(±yComfl)rt,UttlBBiTerC[Kmty,Arfc^iieaiDDraMBitamierDlNE. laBc28,T, 12S.,R.3IW., 

fnun lawei middle part of tbe Annoiia chalk. 

4. SaiDB locality as 3, from tba lower nit oC the Amuma idialk. 
White Cliffs ana: 

8. NE. i KE. \ WK. 38, T. II R., R. 3> W., top of the lover sandy oud bad beneath the while <Aalk. 
8. Chalk Hull, White CUtli Landine, near the middle of the bluff In the lower part of the white cbidt. 

7. Chalk Uufl, White ai9s Landing, IS (ect above the base o[ the nunr white ahilk. 

8. Chalk Hull, White Cliffs Landing, White chalk 10 leet belpw the top ot the dlff . 

9. Cemeat works. White Cliffs Laudlnc. Avenge of the lovac 38 leet of the purer white chalk In tlM 

quarry nt the oement woAs. 
Saline Labdiiuarea: 

10. Salln LaodlDE, Howard County, Ark., sec 38, T. 11 B,, R. 38 W., from the middle ot the ctaalk 

11. Northwest ODnwrorNE.tSW.laeo.SO.T. 11 B.,R. 17 W. While Cbalk fmn very mar the top 

of the Aniuma chalk. 
13, Ncarthecentrrcf tbeBE, 1 SW, i sec. 21, T. 11 B., R. 27 W.,fTOm near the middle of the irtilte 

Saratoca, Ark. Chalky UuB mari 100 leet above 
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Analgia qfiAalt and cAott marl from. $cnUhwetUm ilrfemaof— Contioued. 



StUca (SiOi) uid In- 
soluble <■ 

Fenlc mide aitd iln- 
mliu (FetOi and 
Al^l) 

laiDe(riiO) 

StagowtaCMgO )..... 

E^ual to llDW car- 
Boo»to(r»cOt)...- 

EflluU to DUIRWSlutD 

CBTbenuta (mkCOi) 



«.Ce 31.90 ie.77 



iluble' ' roten to ImoluUe In 



Th« other columns refer to tbe solable portions oalf. 



liTSorthmtol 
IB. Uddle cu 



„.. , Chalk7 blue mail Mint Mow 

"Santnra" iflialk membmodfaitbraokmail. 

- -BllrDe^, about 2i mllns north ol Washtnzhin, Ark. , [nm the center of Chs cut 
oUtie''8aisto^^'che]k number otUarlbrook null. 



tbecentnofUie.-.. 

IB, 8E. i sec. as T. 10 a., R. M W„ bnd ol . . 

below the ''Saiatoga" otialk memlier of Ueribrook mail. 



from bluish chalk; mail, about IM tact 



Foitiolraad, limllee south nlOkdiSia, Ark., from middle ol"8antop"ohalk member olUari- 

brook marl. 
8K.lnc. 4, T. SS., R. 21 W., about 1 mOBaoattaweat of Okolona, Imm nndr marl t>ed at baaa 

ot the Annona cbiOk. 

ithof OkoloaB, cm Uie Hat. Hardin place, bom the lower U ieet ol tbe "Baialo([a" 



— __-6to[Uailbrook marl. 

w locality as 21. "Saratoga" chalk number IB I«et above 1 
1 — . -n no t. ■" "f about 11 mOes south of Oko' — 



la c&ilk and'' Saratoga" clialk m 



yellowish clialkf mail about mld- 



nOEa'' chalk member- ' 

^-., — _ .r- Bibehase. 

1 Derlper Creek at Okdona-Arkadelphla road, Ironi -BaiBtoga" chalk member about lOleet 

aboTs tbe base. 

TBRTIABT AND OABBONIFBBOUS CLATS AND SHALES. 

The informatioii below on days is from a publication on cement 
materials of souUiwest Arkansas, by Dr. Branner. (See p. 116.) 

None of the surface clays found in the immediate vicinity of the 
chalk deposits can be depended upon. They are, as a rule, too Bandy, 
and are not of uniform composition. Reference is here made espe- 
cially to the sandy clays overlapping the chalk beds to the north and 
east of Kocky Comfort, to the clays of the bottom lands south and 
west of Whiteclifis, and to those south, north, and west of the chalk 
e^iosures at Saline Landing. Fortunately the Tertiary rocks which 
overlap the Cretaceous to the south and east contain an abundance of 
excellent clays, some of which are utilized for the manufacture of 
pottery at Beaton and Malrem (Perla switch). Many other deposits 
occur on and near the railway about Arkadelphia, Malvern, between 
Malvern and Benton, between Benton and Bryant, at Olsens switch, 
and at Mabelvale. At Little Rock extensive beds of both clays and 
clay shales exist, and beds of shale may be found along the line of the 
Little Rock and Fort Smith road to Fort Smith and beyond. 
48834"— BuU. 622—13 8 
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All the Tertiary clays at Benton, Bryant, Olsens switch,-Mal>elTale, 
and Little Bock lie nearly horizontal, dipping gently toward the south- 
east. In many places they can be had by stripping off a few feet of 
postr-Tertiary gravel and soil; but in other places the covering is too 
thick, and the clays can be obtained only by a system of drifte. 

On account of the geographic relations to the chalk beds, only clays 
convenient to railway transportation along the St. Louis, Iron Moun- 
tain & Southern Railway southwest of Little Rock need be here dis- 
cussed. Should a factory be located west of Little Rock, the Car- 
boniferous clay shales would have to be used. Of these there is no 
lack between Little Rock and Fort Smith. 

At Little Rock two general classes of clays are available for cement 
manufacture: (1) The Tertiary clays that occur in horizontal beds 
in the southern and southwestern part of the city; and (2) the Car- 
boniferous clay shales exposed in the railway cuts along the south 
bank of Arkansas River, in the cuts west of the town, and in others 
west of Argenta. Other clays about Little Rock and Ai^nta, such 
as the chocolate-colored clays along the margins of the river bottoms 
and the pinkish clays forming the high rivra terraces and used for 
making bricks on the north side of the river, are not available for 
cement manufacture, partly because they are too sandy but also 
because they are not homogeneous. The pink clay of Aigenta con- 
tains more than 83 per Cent of silica. 

The Carboniferous clay shales are well exposed in the railway cut 
near the upper bridge, and where the electric power house stands. 
Similar shales may be found here and there over a laige part of Pulaski 
County, within the Carboniferous area. 

The following analyses of representative samples show the com- 
position of the clays. Where the percentage of sand is given the 
analyses represent washed clay. 

Analyiei of shales nnd elayt from Artantcu. 
CuboDltnoD* Aalat. 
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AB KANSAS. 
AtuJj/u* o/ihaUi and elagtjrtjm ArhaTita* — ConUnued. 
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Alumina <AhO>).. 
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, , BW. iBE. liac. S, T. IB., R. law. 

n. imulD, y/oOlttj'tdv. 
B. RMgwood, 8W. J NE. t wic 25, T. ! N.^ R. U W. 
10; Bmtoii. Howe'i potlary. 

11. Cta7tnnn»o.4,T. as:, R. IGW. 

12. Cbr [tddi nc. 6, T, B B^ R. li W. 

13. CliirfrDDiS. Jaw. 13,T. 2 8., R. 13 W. 

M. John Foley's, NE.t BE. iHc 18, T. las., R. 24 W. 
IS. ainui potWrr, W. 1 8E. 1 sec. i. T. 15 8., R. 28 W. 
IS. AlcblBcm'i, NE.J N%. | see. M, T, 1 8,, R. IT W. 
17. Kaolin, sec 36, T. 1 N., R. 12 W. TirpW's. 

PORTLAND CBMBMT INDUSTKT ZH AI^AM8A8. 

In 1895 a Portland cement plant was erected at Whitecliffs Landing, 
on Little River, in southwentem Arkansas. This plant was designed 
to use the Cretaceous chalk, which occurs in abundance at that 
locality (pp. 103-104), mixed with clay dredged from the river-bottom 
land. From such data as are now available it seems probable that 
the use of a better clay would have helped the plant over some of its 
eariier difficulties. 

In the original plant four Johnson kilns were erected, and of course 
a wet process was followed. Between technical difficulties and 
litigation the company had a rather checkered existence. Periods of 
idleness have alternated with reorganizations, and for several years 
the plant has been inactive. 
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POBT1.AND CEMENT RESOURCES OF CAUFORNIA. 

POIlTI.Ain> CEKBHT KATBRUXB. 

GEKBBAL FEATUSE8. 

Few extensive beds of limestone are found in California, but 
numerous comparatively small areas occur, and many of these fur- 
Dish rock suitable for use as a Portland cement material. 

Detailed mapping of California geology has been so fragmentary 
that few generahzations can be drawn regarding the distribution of 
limestoDes low in magnesia and otherwise suitable for use as Port- 
land cement materif^. The areas in which hmestooes are known 
to occur are indicated on Plate IV, but it is practically certain that 
not all of the areas shown will yield material fit for Portland cement; 
on the other hand deposits of good material probably exist which 
do not appear on the map. 

In the following paragraphs data are presented concerning some 
of the better-known areas of limestone. These are not necessarily 
the more important, but are simply those concerning which informa- 
tion is available as to the composition of the rock. When not other- 
wise credited most of the data in this section have been summarized 
from reports of the State mineralogist of California. J. S. DiUer, of 
the Unitefl States Geological Survey, has furnished all of the data 
for the Bedding district and has located the deposits on the map. 

As a matter of convenience descriptions of the limestones are 
arranged under coimty headings. 

BAN DIEOO COUNTY. 

Fine-grained chalklike limestone occurs near the Pacific coast at 
Jamul, San Diego County, where it was used about 20 years ago in 
a small Portland cement plant. This enterprise never attained any 
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great importance, and for a number of years has been out of exist- 
ence. The compositioD of the limestone used was as follows: 

Analgns o/limeibmejTom San Dxtgo County, Cat} 

8aic»(SiO,) 1.88 

AlumiBB {AljO,) 1. 10 

Lime carbonate {CaCO,) 94.28 

Magnesium carbonate (i^O,) 1. 19 

Alkaliai (K,0, Na,0) 1.15 

OBANOE COUKTT. 

In Orange Comity a shell limestone is exposed at San Fernando and 
(HI the mesa at different places, both toward Orange, where there is a 
large exposure at the Loa Alisos ranch, and toward San Juan. 

Awilyttt o/ihell limttlont from Orange County, Cal." 
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LOS ANQELES COCNTT. 

On the flat land at the edge of the foothills near Missioit San Fer 
nando, Los Angeles County, a* shell limestone of the following compo- 
aition occurs in exten^ve deposits: 

Anai^tU of Kmtitont from ho* AngtU* County, Cat. 

Silica (SiOJ 19.72 

Alumina (AljO,) i 

Inm oxide <Fe,0,) / ^■'" 

Lime carbonate (CaCO,) 72.68 

Magneeium cubonate <UgCO,) 1. 06 

Alkalies (KjO, Na^) 67 

Sulphur trioiide (SO,) T»ce. 

Water 176 

KEBN COUNTT. 

Extensive deposits of limestone occur in Kem County at Tehschapi 
and vicinity. These have been largely tised for burning into lime and 
for many years have furnished the bulk of the building lime supply of 
Cidifomia. More recently attention has been directed to the possi- 
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lulity of utilizing these deposits as Portland cement materiak, and 
several cement projects have been baaed on them. The limestone is 
highly ciystaUine and satisfactory enough in chemical composition. 

8AN BENITO COUNTT. 

The following partial analyses are of very pure limestones occurring 
west of Hollister in San Benito Cotmty.' No other information is 
available concerning them. Becently, however, a Portland cement 
plant has been projected at Crittenden in San Benito Coimty. 

Analgia of Hmatontfrom San Benito Cottnly. Cal. 
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SANTA CBUZ COnNTT. 

Extensive deposits of limestone occur near the coast in the vicinity 
of Santa Cruz. These deposits are accompanied by shale and clay of 
good composition for cement uses, as can be seen from the following 
analyses: * 

Awdyitt of cement materiaUftom RaMa Crvx County, Cal. 



8IUra(HOi) 

Ahnnlia (AliOi) 

lioa oilde (F*|0|).. . . 
UnM<CkOX. 

UkMUM (iSS. NmoV. 
Oubon dloxlda <COiS. 
Witor 



Other analyses, tt^ether with further detaib concerning the lime- 
stones and clays at Davenport, in this county, are given on pages 
122-123. 

SOLANO ANn CONTRA COSTA COTTNTIES. 

Very extensive beds of travertine are exposed from Vallejo to 
Goodyears, Solano County, and from Mount Diablo to Pinole, Contra 
Costa Coimty. They are now utilized as Pordand cement materials 
at Cowell, Contra Costa County, and at Suisun, StJano County. 

The following analyses * of travertines have been obtained from 
published reports. Other analyses will be found on page 121. 
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1.2,3. CoDtnCinta Count;, b«tw«an Mount DlablsMid Plnoh. 

4. Banleia, Boluia CmidI]'. 

3. Port Ciala, Conln Costa Couqtf. 

SONOMA COUNTT. 

Limestooe is quarried in Sonoma County 6 miles northeast of 
Geyserrille, on Little Sulphur Creek. The rock is described ' as a 
"hard, compact, drab-colored liniestone, with pure white schist of 
microcrystaUine limestone throughout the mass." An analysis 
f oUows : 

Analynt of HmaUmefivm Sonoma Ctnint^, Cat. 

Silica (SiO^ 1. 27 

Alumina and iron oxide (Al,0,-|-Fe,0,) 23 

Manganese oxide (MgO) 18 

Lime carbonate (C»CO,) 95.20 

HagneBium carbonate (UgCO,) 1. 32 

UoiHtOTe, etc 1. 60 

loaoo 

From itfi analysis this limestone would be satisfactory enough as 
a cement material, but from the remainder of the description quoted 
from above the entire deposit can not be very large. 

SHASTA OOUNTT. 

The limmtones occurring in the Kedding district of Shasta County 
are described as follows by J. S. Diller *: 

Hoi« limestone occurs in the copper region of Shasta County, Cal., than in an equal 
area of any other part of the State. A thick limestone of Triassic age occurs along 
the stage road east of Fumaceville, and subordinate manes crop out around the 
upper slope of Bear Mountain, a few miles northwest of Sherman, but the principal 
man of this belt fonna Brock Mountain, on Squaw Cieek, and may be traced for many 
milea to the north. This limestone is full of foerils and ie especially noted for the 
large liiard-like animals it contains. It is generally pure and at Brock Mountain 
is used for flux in the Bully Hill smelter. 

A belt of more prominent limestone ridges and peaks extends from near Lilienthale 
north by Gray Rock, the Fishery, and Hirz Mountain, along the McCloud for many 
miles. The limestone where best developed is over 1 ,000 feet thick, and until recently 
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hM bMD UMd for flux at Bully HiU. It it rut by numerous irregular dikes of igneowe 
rock, which locally inUrfere with quanying. It the projected bnDch milraad up 
Pit Riveri«everbuilt, it would pan near thief^reat limestone. [This branch nilnad. 
the Sacramento Valley A EaBlem, now extende up Pit River to Bully Hill.— E. F. B.J 

A third belt of limecrtoue occura near Kennett, within a few miles of the lailroul, 
and furnishes not only flux for the Mountain Copper Co. at the Keewick smelter, but 
also lime, which is burned at Kennett and shipped to many points on the Southern 
Pacific Bailroad. This limestone is of Devonian age and consequently much older 
than the others. Although the limestone is not nearly as large as the others and 
isolated on ridge create by igneous rocks, it ie more valuable because more acreseible. 
■Smaller masses occur near Honetown and at several points on the plain ncatheast of 
Buckeye, where lime has been burned, butslncethe Kennett locality has been opened 
they are of little importance. 

Below are given partial analyses of three of the limestones above 
described by Mr. Diller: 





Analsttoflimetiomt/roin Redding dUlrici. Cal. 
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PORTLAND OBMBNT INBUSTST IN CAUFOBNIA. 

Until 1903 only one Portland cement plant had succeeded in estab- 
lishing itself in California, This was the California Portland Cement 
Co., at Colton, San Bernardino County. In consequence of this 
slight development of a local industry, Califuroia was until quite 
recently supplied lat^ely with foreign Portland cement, always hig^ 
priced and ^equently of poor quality. During 1903, however, two 
additional plants went into operation near San Francisco; and 
within the last 6 years 5 other Portland cement plants have been 
completed, and the prospects seem good for f urtlier expansion during 
the next period of business activity. At present California ranks 
third among the States as a cement producer, the annual output of 
the State being considerably in excess of 7,000,000 barrels, or more 
than 1 barrel per capita of tributary population. Pacific coast 
plants now produce more cement per capita than the average of the 
United States, and though this fact does not prove that the maximum 
expansion on tlie coast has yet been reached, it does indicate a pos- 
sible maximum of furtlier expansion for tlie domestic trade. 

The fuel question is also of pressing interest. Owing to the lack 
of good native coals and the abundant supply of petroleum, oil b 
burned at all the plants. So long as tliis is produced freely enough 
to be sold at reasonable prices, it will be possible to use it economi- 
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cally in cement burning. A decrease in the supply from the oil 
fields, howeTcr, would be a serious matter to capi^ invested in the 
California cement industry. 

At present eight Portland cement companies are operating in 
California, as follows: The Pacific Portland Cement Co., at Cement, 
near Suisun; the California Portland Cement Co., at Colton; the 
Cowell Portland Cement Co., at Cowell; the Santa Cruz Portland 
Cement Co., at Davenport; the Standard Portland Cement Co., at 
Napa Junction; the Kiverside Portland Cement Co., at Riverside; 
the Golden State Portland Cement Co., at Oro Grande; and the mill 
of the Los Angeles aqueduct at Monolith. 

The plant of the Pacific Portland Cement Co., at Cement, about 
6 miles east of Suisun, Solano County, uses travertine and clay. 
The travertine, a very pure lime carbonate deposited from surface 
waters carrying it in solution, is extensively exposed in the immediate 
vicinity of the cement plant. Bakersfield oil is used for fuel, and 
the plant is run by electric power from Maryaville. Analyses of the 
raw materials and of the finished cement, which is marketed as 
"Golden Gate" brand, follow: 
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The Standard Portland Cement Co. plant is at Napa Junction, 
Napa County. The raw material, which is obtained from a compara- 
tively small area of limestone in the neighborhood, consists of two 
grades of rock — one a relatively pure limestone carrying from 85 
to 90 per cent of lime carbonate, the other a much more clayey lime- 
stone carrying from 60 to 65 per cent of lime carbonate. So far as 
chemical composition is concerned, the materials used are closely 
similar to those used in the Lehigh district of Pennsylvania and in 
Warren County, N- J-; but the California limestones are much softer 
than those of the Lehigh district. The quarry contains beds of still 
more clayey composition, and deposits of adobe clay overhe the rock 
in places. Analyses of the two grades of limestone used at this 
plant are presented in the following table: 
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Analyaa of rate nuUerutU utaifor canent at Napa Juwtum, Cul. 
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The plant of the California Portland Cement Co. at Colton, San 
Bernardino County, uses clay and a pure and very highly ciTstalline 
limestone or marble obtained from a ridge in rear of the plant. The 
limestone ranges from 90 to 98 per cent or more in lime carbonate. 

The Cowell Portland Cement Co. plant at Cowell, at the foot of 
Mount Diablo near Concord, Contra Coata County, uses travertine 
from a deposit covering several hundred acres and shaly clay 
associated with the travertine. A more recent adobe clay also occurs 
near the plant. The following analyses by Dr. Percy Hobba show 
the composition of these materials: 
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The mill of the Santa Cruz Portland Cement Co. at Davenport, 
a few miles north of Santa Cniz, uses shale and a very pure and 
highly crystalline limestoQe. The shale is really diatomaceous, which 
accounts for the high silica percentage and for the fact that with such 
a high sihca percentage it is still possible to use it as a cement mste- 
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rial. The following tables contain analyses by L. T. Bachmau of the 
limestone and shale, as well as of clinker and cement made at the 
plant several years ago: 
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The Riverside Portland Cement Co, operates a plant at Riverside, 
using a mixture of limestone and clay. Since 1910 the city of Los 
Angeles has owned and operated a Portland cement plant in connec- 
tion with the building of the Los Angeles aqueduct.' It is located 
at Monolith, on the main line of the Southern Pacific Railway, about 
midway of the length of the aqueduct. Three deposits of limestone 
are owned by the city within 3 to 6 miles of the mill ; one of them, cov- 
ering a tract of 120 acres, 6 miles from the mill, has been opened by a 
quarry on a hillside about 800 feet above the valley. The stone is 
delivered to a storage bin at the base of the hill by an aerial tramway 
4,700 feet long, and is carried to the cement mill by a 3-foot gage 
railroad. Clay is dredged from a broad depression partly filled by a 
small lake and is delivered to the mill by an aerial tramway 5,8p0 feet 
long. Oil is used for kiln fuel. 

The Golden State Portland Cement Co. operates a plant at Oro 
Grande, using a mixture of limestone, clay, and shale. This plant 
reported its first commercial output in 1911. 
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PORTLAND CEMENT RESOURCES OP COI.ORADO. 

POSTLAim CSHBNT 1IATBB1AZ.S. 

DiaTRIBDTION. 

The limestones of Colorado available for uae as cement materialH 
may conveniently be divided on a geographical basis into two groups. 
The first of theee groups includes the limestones, mostly of Cretaceous 
age, which occur in the plains region of the eastern half of the State 
and in a narrow belt immediately east of the Front Range. The 
second group includes the limestones, mostly Carboniferous, which 
lie west of the Front Range. The two groups diSer not only in 
geologic age but, owing to their geographic position, in their com- 
mercial possibilities. At present it seems probable that the Cre- 
taceous limestones are of greater industrial importance for cement 
manufacturing than the Carboniferous rock. 

LIMESTONES EAST OF THE FRONT RANQE. 

The one hundred and fifth meridian through most of its extent in 
Colorado coincides closely with the dividing line between the Cre- 
taceous rocks of eastern Colorado and the older formations of the 
central and western parts of the State. East of the Front Range 
the rocks are mostly of Cretaceous or younger age. They consist 
chiefly of shales and sandstones but include two limestone forma- 
tions — the Niobrara and the Greenhorn — of great importance for 
cement making. 

The Niobrara, which is by far the more important in both thickness 
and areal extent, outcrops as a narrow but fairly continuous belt just 
east of the Front Range, passing through Fort Collins, just west of 
Denver, down to Colorado Springs. At Colorado Springs this narrow ■ 
belt joins a much more extensive area of Niobrara limestone wliich 
occupies much of Fueblo, Otero, Huerfano, Lfas Animas, Bent, 
Prowers, Kiowa, and Cheyenne counties. The distribution of the 
limestone in this area is described by Darton.' 



■ DBft4>a, N. H., aaa]ogy lod underground w»Us reBouioea ot the oentnl Omt PWn*: PioL 7*|at 
I. S. Om). Bomy No. 33, IMt, p. 107. 
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No good ftnaljnes of Niobr&ra limestone from southeastern Colorado 
are available, but from experience gained during attempts to manu- 
facture cement in Colorado from this limestone, it is probably safe 
to say that the Niobrara limestone is for the most part low enough 
in magnesia to be satisfactory. Through much of its extent its chief 
defect is lack of lime rather than excess of magnesia. 

Concerning the Niobrara limestone in the narrow belt lying just 
east of the Front Range, a recent paper by Q. C. Martin * supplies 
very complete data. The following quotations cover the sections of 
greatest interest to cement manufacturers: 

Th« Niobnuft limeatone is one of the fonnatioDB which oulcrops in the foothills and 
is the hi^eet and eastenunoat one that contribulcfl eeeentiatly to the typical foothills 
topogni^y. It consequently outcrope as a long, Darrow belt parallel to Uie moimttkina 
and to the other ridges of the foothilla. The poBidoa of this belt is in general fnan 2 to 
3 miles east of the moimtttins, approaching nearer to Uiem or extending farther out 
toward the plains, according as the dip is ateep or gentle. The basal member of the 
Niobisn usually consists of thick aad massive limestone and makee a very distinct 
ridge, but where this member is thinner or lees massive the ridge diaappean. The 
dip is in general noticeably steeper in the basal bed, which lies nearest the mountains, 
asd flattens perceptibly toward the east. The width of this belt is between one-ei^th 
and one-half mile, varying with the amount of dip, as the thicknees of the tormation 
remains fairly constant. 

The Niobrara is essentially a limeatone formation, although calcareous ahalee make 
lip a considerable part of it. The thickness is about 400 feet. The basal member is a 
massive white to gray limeatone, whose thickness ranges from 10 to 20 feet. This bed, 
which rests with apparent conformity on the top member of the Benton (Caiiile abale), 
is apparently pereiatent, having been seen through ptactically the entire length of the 
region studied. It is succeeded by ahaly limestonea and calcareous ahalee, the former 
prediMuinating and the calcareous nature of all the beds being persistent. These beds 
vary somewhat in character abng the strike, fairly massive limestones being devel- 
oped at seveial places. These more massive limestone beds are apparently present at 
several horizons but predcminate toward tlie middle of die formation. 

The Niobrara limeatone has already been described aa occurring in a narrow north- 
south belt along a Une of low ridges just east of the main foothills. It dipa eastward 
under the plains at augles of 2\° to 70° along the western edge. Most of these dips are 
eo steep that within short distances they carry the limestone too deep to be quarried 
cheaply; consequently it is only where the limeatone rises into a ridge of coueiderable 
height that there ia any large amount of material that can be easily quarried. The 
most desirable localities for quarries are where the ridge is high but falls oS ateeply 
into a lianaverw valley, thua affording ailea iriiere quarries can be opened with their 
facesabove the general drainage level and with a considerable bulk of rock near at hand . 
Such points exist where the limestone belt crosses the valleys of St. Vrain Creek, Little 
Thompson Creek, Thompson River, and Cache la Foudre River. At eadi of these 
points, except on Little Thompson Creek, a railroad follows the line ot the atream and 
crosses the limestone belt, the topographic conditiona favorable for a good quarry site 
being thus combined with easy transportation facilities. There are numerous localities 
oa either side of these railroads iriiere quanies could be opened. 

The analyses in the following tables were made at the U, S, Geo- 
logical Survey laboratory at St. Louis, Mo., especially for Martin's 
< The mobnnBmatQoe of northern GalandauapaMfEiIsaaiiwitnuitQHil: Boll. U. S. UeoL Surrey 
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report, on samples collected by him. The analyses in the first table 
cover samples of the massive basal member of the Niobrara; those 
in the second table are of samples from the upper and more clayey 
portion of the formation. 

AtuUyia of batal btd of Niobrara UmaUme. 
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UKBaTONBS WEST OF THE FBOMT BANQE. 

In central and western Colorado limestones of Mississippian age 
cover lai^e areas and are probably the most promising cement mate- 
rials of this portion of the State, though other limestones of both 
later and earlier age occur in the region. Their geographic position, 
howeTer, makes improbable any important use of them for cement 
in the near future. 

The following table contains analyses of a number of limestones 
from central and western Colorado sufHciently low in magnesia to 
be of interest: 

Anaiytaoflmatonafivin Coiorado mat of the Front Range. 
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-B. aiEnwood Sprlns), OKfleld Count]'. Oaorge SMIter, analTil. Bull. U. B. 0«ol. Surver No. 166, 
a. North Park, Oisnd Caontr. B. B. BnwsUr, aoBlyst, U. 3. QfttV Eipl. Hth Par., vol. 3, 1877, 

OmI; Burve; Na. 188. IMO, p. 170. 



11. IfDrrteon, JaBcnoD Countv. X. 0. EoUiu, aiulysl 
13. Mount Sttvtrherti.PirlcCountj- "■ ~ ■*—'—- 
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F. dlllebruiil.uwlTsl! idem, 



f. Hillebruid, anal; 



Ivst. J 
Idem. 
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14. Falrpldf, P»rk County. . _ ., ... _ 

15. Aspen, FltUn CounCj'. L. Q. E^dtu, ODalpt. Idem. p. Z. _. 
" * — n Uount, PltUn Conaty. Rem & Klcbards, lulysta. Kept. Colorado State Bctunl HlM*, 



18Se,p. ff.. 

17. AipcD llount, FltUa CDunly. F. Baidwill, analTst, Idem. 

18. A^wo Uonnt, PltUn Counl;. F. BucUev. analyst. Idem, p. 66. 

Ifl. A^es dlibrlct, PltUn County. Onaise Blelcer, analyst. Bull. U. B. Oeol. Survey No. 168, 1800, 

'3D. Jacqna Hount,Tennille dMrlot, Summit County. W. 7, HUkbraiid,aiia]nt. Idem, p. 374. 

21. Near Sabbath ROt tunnel. Tramlle district, BammltCoiintT. W. P. Hllietnand, imayit. Idem. 

22. Searli Ouleh, Tanmlle dlitrlot. Summit Couotv. W. F. Hinebnnd. analyst. Idem. 

a. Nartbo(8narioa(,TRunlladlitilet, Summit County. W. P. Hinebranl, analyst. Idem. 

34, IE. FlttatMi^ionel.TeDmlk district, Bnnuiiit County. W . F. HUlatoaDd, analyst. Idem. 

16. eummltqparT7,TemllUed]atilGt,SDmmlt County. W. F. HIDebrand, analyst. Idem. 

37. netalwiAatt, CoppM Moanlain, Tanmlle dlMilat.SuinmltCoimtr. W. F. HlQebrand, analyst 
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PORTLAND CBKEHT INSTISTBT IN OOIABADO. 

Only two Portland cement plants are at present in operation in 
Colorado^ but several other attempts have been made to manufacture 
cement in the Stat«. The materials used at the present ptants, as 
well as at all the previous plants, are limestones of various grades of 
purity from the Niobrara fonnation. 

The plant of the Colorado Portland Cement Co., at Portland, about 
5 miles east of Florence, Fremont County, south of Arkansas River, 
and the plant of the United States Portland Cement Co., at Concrete, 
both use an at^illaceous limestone averaging about 71 per cent of lime 
carbonate and a purer limestone carrying about 88 per cent of lime 
carbonate. The argillaceous limestone occurs in several beds, abro- 
gating about 60 feet in thickness; the purer limestone is taken from 
a 40-foot bed lying about 50 feet below the other. Coal is used as 
fuel at these plants. The Newcastle Portland Cement Co. is reported 
to have built a small demonstrating plant at Newcastle, in western 
Colorado, but no output has yet been reported. 
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PORTLAND CEMENT RESOURCES OP CONNECTICUT. 

Many outcrops of limestone occur in Connecticut, but few of them 
are lai^e enough to justify the erection of a cement plant. Further- 
more, most Connecticut limestones carry entirely too much magne- 
sium carbonate to be available for use as Portland cement material, 
particularly the thick and extensive limestone beds that are so exten- 
sively quarried and utilized for lime burning in the vicinity of Dan- 
bury, Canaan, and elsewhere in western Connecticut. Numerous 
analyses of these limestones show that few of them carry less than 
20 per cent of mt^esium carbonate, and that many cany as much 
as 40 per cent. On the other hand few of the nonmagnesian lime- 
stones, which occur chiefly in central and eastern Connecticut, are 
over a few feet thick or have more than a reiy narrow out(»op. 
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Of the analyses given below 2 and 3 are fairly typical of most of 
the hmestonea of western Connecticut. Hiey are in general reason- 
ably pure, so far as clayey matter ia concerned, most of them canying 
very low percentages of silica, alumina, iron oxide, and the Uke, but 
almost all of them are high in mf^esia, muiy approaching dolomite 
in composition. A few beds show very low m^nesia percentages. 
(See analysis 1.) Such would of course be serviceable as Portland 
cement materials, but unfortunately they are not extensive, and 
they can not be told at sight from the high-m^nesia rocks in the 
same quany. They therefore can not be separated during quarry- 
ing. For this reason the writer believes that such local occurrences 
of low-magnesia rocks give no promise of a future Portland cement 
industry in Connecticut. 





Analyta of limatonajroi 


n Conneetiait. 








1 1 2 3 






0.08 

.as 
21. « 


o.e 



























L (jnamrM Da 
1892, p. 38£ 

2. QuanTirfCBi 
TB», nt. 6 (continu 

3. (taairj of Cm 
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Id Broa., SMt Canaan, Lllcha«ld Coonly. Idem, 

POKTIiANB CEMENT RESOCRCBS OP DELAWARE. 

Except for a relatively small area of pre-Cambrian and metamor- 
phic rocks in extreme northern Delaware, the entire State is com- 
posed of fairly recent geologic formations — Cretaceous and later. 
A few isolated outcrops of crystalline Umestones have been found in 
the metamorphic area, but their magnesia content is variable, and 
they do not occur in sufficient quantity to be worthy of consideration 
by the cement manufacturer. 

PORTLAND CEMENT RESOrRCES OF FLORIDA. 

Though Florida is largely underlain by beds of limestone of Ter- 
tiary and recent age, great areas of these are covered by later 
deposits of sand and gravels. Partly because of this, and still more 
because of the lack of local fuel deposits and cement markets, no 
attempt has ever been made to manufacture Portland cement in the 
State. Should commercial conditions ever render a local cement 
industry possible there will probably be little difficulty in locating 
suitable deposits of limestone, for the Vicksburg group, the St. Steph- 
ena limestone of which is so promising a source of c«m«n( mat^ridl 

48834"— BuU. 622—13 8 
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in Alabama (see pp. 82-S5), cOTers a lai^e area in northern Florida, 
and other limeetonea of equal value outcrop elsewhere in the State. 
(See PI. II, p. 68.) 

The analyses in the following table give some idea of the composi- 
tion of various Florida limestones: 

Aiialym of limeMtona from Florida. 
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0. AitcalMiwelt.Ker Wat,l,MOr«td<>vn. Om^Steljer, uwljril. Idet 
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Of the nine analyses quoted in the foregoing table, eight represent 
limestones safely witliin the permissible limit of magnesia. The 
exception is analysis 2, which is here reproduced because attempts 
have been made to utilize the rock in the manufacture of a light- 
colored natural cement, a use to which it is well enough adapted. Its 
curiously low content of iron oxide utd it« equally abnormal high 
percentage of alumina should be noted. 

Quite recently consideration has been given to the possibility of 
utilizing the extensive peat deposits of Florida to supplement the 
otherwise unsatisfactory fuel supplies of the State. It is improbable, 
however, that a commercial cement industry can be started on tJus 
basis. 

POBTLAND CEMENT RESOURCES OF GEORGIA. 
POBTLAND CBHENT MATEBIALS. 

DI8TBIBUTION. 

\ Georgia is fairly well supplied with limestones, many of which are 
Vuitabie for use in Portland cement manufecture. Four series are 

worth considering here. (See PI. II, p. 68.) Named from oldest to 

youngest these four are: 

1. Metamorphic limestonee (m&rbles) of imcertam age. 
y 2. ChickamaugalimeeloDeoEOrdovicuii ("Lover 8iluri&o")ag«. 

3. Bangor limeatone of MiBBiaaippUii ("Lower Carboniferoiu")age. 

4. CretaceouB and Tertiary limeetonee (so-called "marls"). 



ibyGoo^le 



HETAHORPHIO LIME8TOHES OB HAKBLES.' 

Highly crystalline limeetones, suitable for use as marble, occur ia 
arte of northern Qeoigia, notably in the counties of Fannin, Qilmer, 
'ickens, and Cherokee. The principal outcrops closely parallel the 
tne of the Ix)uisville & KaahvUle Railroad from near Canton north- 
ward to the Oeorgia-North Carolina line. Throughout the entire 
>elt the marble has been quarried more or lees extensively. 

Aa shown by McCallie, the marble is of two distinct types, so far as 
ibemical composition is concerned. One of these types, represented 
>y the analyses below ' rarely carries over 1 per cent of m^nesia and 
8 therefore avulablc as a Portland cement material. The other type 
sanies 15 to 22 per cent of magnesia and is therefore not worth 
wnsidering in the present connection. 

^nalyKi o/metamarpkic limalona/rvm Georgia. 
|W. B. BmenoD.aiialrat.l 
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1. If vble Iram CrMle qawT7 of Otmste Hirlils Co. . ncH TsU, Pickens CouDtr. 
3. Marble [ram Et0irehqauTTa[O«anItlf>cbleCo.,DearTBie,PickeaBCauntj. 

3. C«i» irhiu nurbla, OoMreUi HvbtB Co.'a qiiuTT,near Tate, Flckrau Coanty. 

4. HuklDaprDpertf.lmllexHiUieutolRedCby.WMtflflldCauDtv. 
S- GUliigBiiiTaiwn7,liiill««uto( Vanul]iitatla!i,WIilUleld County. 

CHICEAHAUOA LIMESTONE. 

The Chickamauga limestone occurs only in northwest Georgia, 
where it appears as a series of long narrow bands commonly trend- 
ing N. 30° E. (See PI. II.) A few of the more important areas 
will be briefly described, beginning in the extreme northeastern 
portion of the State, particular attention being paid to outcrops on 
or near railroads. 

A belt of Chickamauga limestone entering Georgia a few miles 
southwest of Chattanooga is followed by the Alabama Great Southern 
Kailrood from near Chattanooga to a few miles below Trenton; 
another belt is crossed by the same railroad about 3 miles south of 
Kising Fawn; a third belt is followed closely by the Southern Bail- 
way from Sossville to Cedar Grove; and a fourth is foUowed by the 
same road from Bronco to Menlo. The railroad from Chattanooga 
to Sumjnerville runs for 5 miles east of Chickamauga across one of 
these limestone belts. An extensive belt of the limestone borders 
tlie western faces of Taylors Ridge and White Oak Mountains, but 

>TheooaipiicltlDii,olianoUr,uid dlstilbntirai ottheae Tslmble bnlldlng suoei an dMoribed by 8. W. 
HoCallie In FrgKmliiiry rapott on the marM«B at Otorf^ Bull. Georgia Oeol. Surve; No. i, 1907. 

H ol Georgia. 
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is crossed by railroads near Biuggold and Lavender only. Other 
belts are crossed at Dalton and between Dalton and T unn el Hill. 

The Ohickamauga limestone is very extensively exposed in the 
northern half of Polk County, being crossed by railroads at or near 
the stations of Esomhill, Cedartown, Fish Creek, Rockmart, Davitt«B, 
and Tsylorsville. As later noted, one Portland cement plant in 
operation at Rockmart is already utilizing this limestone. 

Throughout Geoi^a the Chickamauga limestone is commonly 
rather pure, carrying 90 to d5 per cent of lime carbonate and lees 
than 2 per cent of magnesium carbonate. Analyses 1, 2, and 4 of 
the following table ' fairly represent its composition. Analysis 3 
represents a highly magnesian type ttt rock that is tortimately 
uncommon; its reference to the (^ickamauga may be erroneous. 

Analgia of Chiduimauga limc»Ume/rom Gtorgia. 
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BANOOB LIHEBTONG. 

The Bailor limestone in Geoi^a occurs only in "Dade, Walker, and 
northwestern Chatto^a counties. It appeals as a series of belts 
one-half mile to almost 2 miles wide, which closely f<^ow the trend 
of Sand, Lookout, and Pigeon mountains and genenUly running up 
high on the flanks as well as occupying parte of the valleys at their 
feet. 

The Bangor limestone in its Georgia areas varies between 700 and 
900 feet in thickness. The greater part of this is a rather heavy- 
bedded blue limestone, commonly quite pure and low in mf^esia. 
Toward the top the limestone becomes more clayey and interbedded 
shales more and more numerous. 
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CRETACEOtrS AND TBSTIART LIHB8TONB8. 

The portion of Georgia lying south and southeast of a line drawn 
through KnoxTille to Columbus is occupied by clays, gravels, and soft 
limestones of Tertiary and Cretaceous age. The limits of these forma- 
tions have never been accurately mopped, so that the distribution of 
the soft limestone beds can be stated only in a general way. Several 
areas of the soft limestones (commonly called "marls" in geological 
and agricultural reports) are known to occur. One of these areas is 
the continuation of the Tertiary rocks of Alabama described as the 
St. Stephens limestone. (See pp. 82-85.) In Geoi^ia this lim^tone 
occupies most of the counties of Decatur, Miller, Baker, Mitchell, 
Dougherty, and Lee. The only analysis of it from a Georgia locality 
is No. 6 of the table below. Other limestone beds occur in the 
Cretaceous and Tertiary region, but little is known concerning 
their distribution. 

Such analyses as are available are presented in the following table. 
They all ^ow considerable silica, alumina, and iron oxide but are 
remarkably low in magnesia. 

An^S^et of Crttaeeoas and Tertiay limaUmafivm Georgia. 
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1. Raddl^^ QirnlT, 8cnT«Q Connlv. Teoth Ccdiiu. vol. 6, 1884, p. 312. 
3. Wuliliulod CounlT. Idsm. 

3. StMllBIul), BurfcaCounty. Idsm. 

4. Bo<i«l«lCa)uity. Idem.. 



POBTLAHS CBXBNT msnSTBY IN GBOBaiA. 

In spite of the fact that Geoi^;ia is fairly well supplied with suitable 
cement materials and posseesee small supplies of coal, there are only 
two Portland-cement plants in operation in the State and it is hardly 
probable that it will ever become the seat of any really lai^e cement 
industry, llie eastern and southem portions of the State can he 
supplied with cement more cheaply from Pennsylvania, Virginia, and 
Alabama than from plants in northwest Georgia; and the only large 
city — Atlanta — in northwest Geoi^ia itself can be reached almost as 
well from Alabama as from any probable Geoi^ia cement location 

The two plants now in operation are that of the Southern States 
Portland Cement Co., about one-half mile east of the village of Kock- 
mart, and that of the Piedmont Portland Cement & Lime Co., at 
Portland. The Portland cement manufactured at these plants ia 
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made from a mixture of pure limestone and shale, both of which 
occur in the immediate vicinity. 

Hard blue slates, which have been extensively quarried for roofing 
slate and other purposes, outcrop on the hills south of Sockmart. 
These slates are of Ordovician age and have been described by C. W. 
Hayes as the Rockmart slate. East of the town the Chick&mauga 
limestone, which is the surface rock over an extensive area, contains 
beds of pure nonmagnesian limestone, which for a number of years 
have been quarried and burned into lime. 

The Southern States Portland Cement Co. purchased the property 
of the old Geoi^ia Slate Co., about one-half mile southwest of Rock- 
mart, and carried on extensive operations with the diamond drill in 
testing the slate formation. The intention at that time was to quarry 
the slate, sell for roofing slat« and mill stock the portions best suited 
for those uses, and utilize the scrap and waste in the manufacture of 
cement. At a later date in the history of the plant, however, shales 
of normal type were substituted for slate in the cement mixture. The 
quarries from which the limestone is obtained are one-half mile east 
of town, near the cement plant. 

Analyses of slate, shale, and limeatone from the particular quarries 
which have been worked by the Southern States Portland Cement Co. 
are not available. Spencer, however, quotes analyses of slate and 
limestone from the vicinity, and these will serve fairly well to indicate 
the character of the materiid. 

Anatgitt o/ ilaie and limaU»u/rom Rockmart, Qa. 
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The Piedmont Portland Cement & Lime Co, b reported to be build- 
ing a plant at Aragon. 
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PORTIJjn> CEMENT RESOURCES OF IDASO. 
GENEHAI. DISTItlBTTTIOH. 

Such geologic work as has been done in the State of Idaho has been 
so laigely in connection with the examination of isolated mining dis- 
tricts or for other special purposes that very little general information 
is available concerning the Portland-cement resources of the State. 

Small isolated areas of crystalline limestone or marble occur in the 
western portion. Marble is reported from the valleys of Snake 
and Clearwater rivers, also from places in Kootenai and Cassia coun- 
ties. Near Hailey, Boise, and Weiser limestone ia quarried and 
burned into lime, and some fiuxing rock is quarried in the State for 
use in smelters. 

The following notes were published by Russell, on limestones of 
Idaho : ' 

LimeattMie occun in great qtuntitiM on the bordera of Snake River, from 1 to 3 
roiles above the mouth of Grande Ronde River, and also about 6 miles farther up- 
stream. The value of this stone for marble has not been tested, but it certainly 
merits careful study. An analysis of an average sample of the rock is given in tim 
first column of the subjoined table of analysee of limeetone, which shows it to be of 
ezcepticaial purity. 

Limestone outcrops beneath the Columbia River lava on the ri^t bank of Miadixi 
Creek, about a half mile above where it emerges from the deeper portion of its canyon 
in the Craig Mountain uplift, and also in a gulch about I mile to the west. Along 
Hisa<m Creek, for a distance oi approximately 300 feet, the limestone is admirably 
exposed in the precipitous canyon wall to a height of 500 feet. It is in gen^^ a 
hard, grayish-blue rock, containing a few obscure fossils. The strike of the beds is 
N.50''B. (magnetic), and the dip ia eastward at on angleof bomSO toSS". Fonnerly 
it WHS burned in kilns, which still remain, and it is said to have yielded a good lime. 
The value of the stone as marble can scarcely be jut^ied from the weathered ont- 
crops, but its dark color would probably moke the demand for it small, even if on 
quanying it is found sufficiently massive to be taken out in blocks of the dedred 
size. An analysis of a typical sample of thifl rock is presented in the subjoined table, 
which ihowa that, like the similar limestone in Snake River canyon, it is of excep- 
tional purity and will make an excellent lime, and it is all that could be deored in 
the production of Portland cement or for use in the manufacture of beet sugar, etc. 

Od the left bank of Minion Creek, opposite the outcrop just described, a landslide 
hu brought down basalt from above and- concealed the limeetone which normally 
diould appear there. Visitora to this locality will no doubt be interested in observing 
the manner in which the landslide has caused the stream to be turned aside from a 
fonnerly more direct course and made to cut into its right bank, thus removing some 
of the debris that once concealed a p(^<ai d the limestone and making it more 
available tac quarrying. The surface of the fallen man f(Mms an irregular terrace at 
an elevation of about 500 feet above the stream. Tba surface of this terrace preeenis 
a good iUustratLtn, on a small scale, of landslide topography. 

Limestone occurs also at Orofino and at three or four localities on Orofino Qteek 
within the first mile above its mouth, as well as on the southern rade of Clearwater 
River about a half mile below Orofino. At each of these localities the well-defined 
beds are associated with ^hist; they strike about north^outh and stand nearly 
M of Nee Pern County, Idaho, pi. 2: WM«r4upp1r P>p<c 
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vertical. The limealone hes been metamorphOHed and ia now moitly a coarsely 
cryHUlline marble, varying in color from wbit« to gray. It is suaceptible of a high 
polish and should find a ready market for building and monumental purposes, pro- 
vided it can be had in blocks of the dedred size. It is favorably situated for quarry- 
ing, being close to the Northern Pacific Bsilroad. The surface is coiuiderably 
shattered but is not deeply weathered. Whether it is sufficiently mMrive at a 
moderate depth below the surface to be of value can only be determined by trial. 
A sample of the nearly white, coarse-grained marble from Orofino has been analyzed, 
with the results shown in the third column of the following table: 

A7Uili/u» of linutUmafiom Nez Perct Coumty, Idaho. 
[W. F. HllMmnd ud Ueorm Stelger, uiklyats] 
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The analysis of limestone from Snake River is by 8te^^; the others are by 
Hillebraud, 

The limestones from Snake River canyon and Mission Creek are exceptionally 
pure and are suitable for use in the manufacture of Portland cement, in the beet- 
sugar industry, etc. The limestj>De at Orofino evidently would make a good lime if 
properly calcined, but it is not deairable for the other purposes mentioned, on account 
of the magnesium preseut,' There are, however, several beds of limestone near 
Orofino, a careful study of each of which would very likely reveal the presence of 
material as rich in caliiiun carbonate and as free from impurities as the limestone 
from Miseion Creek and Snake River canyon. 

LIKE FOINT. 

The foUowmg description of mi occurrentw of cement mftt«rialB in 
Idaho on Snake River, near the mouth of Grande Rond© River, about 
30 miles south of Lewiston, Idaho, is abstracted from an unpublished 
report by Hoyt S. Gale, of the Geological Survey, who examined the 
locality in March, 1912. The area has been described in earlier pub- 
lished reports of the Geological Survey as deserving careful consid- 
eration for the possible value of its rocks as Portland cement material.' 

The sedimentary rocks from which it is proposed to obtain cement 
material outcrop along the lower canyon walls bordering Snake 



13.05 par cent of magnesium, consldBred by F 



cement mumtsctuhng not la be exces^Te.— E. C, E. 

< Pussell, I. C, Geology and water reiouices of Net Perce Couni}-, Idabo, pt. : 
No. M. IWl, pp. 121-122, 131-136. 
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River, espociaJly near Lime Point and just aboTe the mouth of Grande 
Ronde River. They have the lithologic appearance of Paleozoic 
rocks and are probably, in part at least, of Mississippian age, this 
being suggested by the Uthology of the beds and by a few layers 
containing crinoid and coral fragments. The limestone outcrops 
extend north or northeast, probably for several miles, and are assumed 
to be continuous in outcrop toward the south. Associated with the 
more conspicuous limestones are large thicknesses of shale. As the 
latter give way more readily to erosion, their outcrops are now found 
along the gulches tributary to Snake River, between ridges capped 
by the more resistant limestones. 

The sedimentary outcrops near Lime Point are limited on the 
west by basaltic igneous rocks belonging in greater part to the 
Columbia River basalt of the lava plains, whose extensive occurrence 
throughout this general region makes the appearance of the sedi- 
mentary rocks rather exceptional. 

The Columbia River basalt is very fully described by Russell.' 
It forms the surface over nearly the whole of Washington and Oregon 
east of the crest of the Cascade Mountains, extends into Idaho to 
the older formations of the Coeur d'Alene and Bitterroot mountains, 
and also reaches southern Idaho. It is known to attain a thickness 
of more than 4,000 feet. 

The canyon of Snake River between the mouth of Grande Ronde 
River and Lewiston consists chi^y of the deeply eroded channel, 
cut to a depth of a thousand feet and more, in the nearly horizontal 
flows of this basaltic lava. These canyon waJls expose alternating 
layers of dark compact and vesicular lava, intercalated witb frag- 
mental layers of similar volcanic material. Many fine examples of 
columnar jointing are shown in the more compact beds. Along this 
portion of Snake River a dip to the north is recognizable as the cliffs 
formed by the more massive layers in the flows pass beneath water 
level in the direction in which the stream is flowing. As a whole, 
however, the lava flows lie approximately horizontal. 

The abrupt termination of the sedimentary outcrops including the 
limestone against the igneous rocks to the west is considered to have 
resulted from an extensive fault, by which the lava flow series, together 
with the underlying sedimentary strata on the east, were elevated with 
relation to the general level of the lava plains. This interpretation of 
the structure was not conclusively proved in the short time devoted 
to the present examination and does not agree with that given by 
Russell, who explains the sediments as the remnants of the older 
topography buried in the lava flows and later revealed by erosion 
of the river channels. He says:' "Upstream from the mouth of 

i. QeoL Sura; Noi. 4, S, «nd St. 
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Grande Ronde River the horizontal lava sheets in the canyon wall 
abut against cUffs of schist which form the precipitous border of a 
buried mountain." In this statement it is assumed he refers to the 
relation of the Columbia River basalt to all of the sedimentary rocks, 
including the limestone. A view to the north from the summit 
above Lime Point shows erosion of a zone of weaker beds along the 
contact of the lava and the sediments, and in at least one case a dis- 
tinct drag is indicated in the abrupt uptilt of the otherwise nearly 
horizontal flow beds. 

At the mouth of Grande Ronde River another intrusive rock, 
provisionally termed a diabase porphyry, of later age than at least 
a part of tlie Columbia River basalt, tnmcates the edges of the 
basalt flows aloi^ the line of the major fault referred to above. 
This diabase forms a series of rounded knobs, and from a distance 
the areas it covers may be distinguished chiefly by the absence of 
horizontally bedded layers which mark the basaltic lava. A small 
dike supposed to be related to this intrusive occurs just abo'<^e and 
a few feet ^outh of the tunnel portal near the lower end of Lime Point. 

The composition of the cement rock is indicated by seven samples 
collected by Hoyt S. Gale, analyzed in the laboratory of the Bureau 
of Standards by A. B. Lort (test number, 1 1359; laboratory numbers, 
3742 to 3748, inclusive).' 
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The following comment on these samples is also quoted from the 
report on these analyses : 

An analysis of these samples shows that both the limestone and the shales can be 
combined so aa to produce after burning Portland cement, though the ratio of the 

■ The report of there analyata states: " Pi mutl oas uta not takeo to obtain a hlfh degne el aoouner 
tnthcae analyies, as It was believed tbat a limit olenotot ±0.30 vodld not Interfere with tlM proper later* 
pietatioD o[ Qjeae results." 
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sOica to the oxide of aluminum is such u to cause the oxide of aluminum to be low in 
the finished product. The lime in general tends to be high, which would require 
very fine grinding and thorough mixing to insure a sound cement- 
That these rav materials can be combined so as to produce Portland cement docs 
not establish their economic "value , as the physical character of the rock as influencing 
coet of grinding and burning has a very potent effect on cost of production. 

Sftmple No. 1 ia apparently of local occurrencfl and can not be 
expected to furnish sufficiently large quantities of material to be of 
much importance for cement manufacture. Sample No. 2 probably 
represents a large body of massive limestone readily available. It is 
very similar to that represented by sample No. 3, obtained from the 
extension of this formation a mile or more north, both of these being 
exceptionally pure limestones. Samples Nos. 4 and 6 are shales from 
surface exposures and may be altered by the leaching of surface 
waters, but they are perhaps the best samples to be had under present 
conditions. Samples Nos. 5 and 7 are metamorphosed bands of the 
shale beds adjacent to the intrusive igneous rock. Consequently 
they are of very uncertain extent and uncertain composition for any 
considerable distance, the relation of the igneous rock to any particu- 
lar part of the shale being chiefly accidental. Thus samples Nos. 2, 
3, 4, and 6 are probably the best as representing normal rocks of the 
area. 

A product fairly well within the specifications for a normal Portland 
cement (Bureau of Standards government specification for Portland 
, cement, circular No. 33, 1912, p. 18) may be obtained by combining 
Nos. 2 and 6 in the proportion of 3 to 2. By recalculation of the two 
analyses combined in these proportions, eliminating only the volatile, 
the following composition is obtained: 

AfuUyrU of mictvre of rod of lamplei Nos, i arid 6 in the proportion o/ 3 la X. 

Silica (SiO,) 23.68 

Iron oxide (Fb,0,) 2. 51 

Alumina <Al,Oj) 6. 09 

Lime(CaO) 65.27 

iUgatieia, (HgO) 2.48 

100.00 

The only factor that falls without the limits of the specifications 
is the lime, which is a httle too high. The ratio of silica to iron and 
alumina together as contained in the original rock is as 2.8 is to 1, 
a satisfactory proportion. 

The samples are to a considerable extent random in selection and 
do not necessarily represent the bulk of the sedimentary beds in the 
vicinity. Nevertheless they leave little doubt that the limestone 
and the larger masses of calcareous shales may be considered as 
almost unlimited. The limestone outcrop is only a part of the 
massive bedded strata which undoubtedly are very extensively 
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distributed throughout; this part of the State, though generally 
buried by the great lava flows, probably to inaccessible depths. 
However, the one outcrop at and near Lime Point on Snake Kiver 
is essentially continuous for perhapa several miles and can supply an 
enormous amount of material. 

While the deposits at lime Point may possess an advantage for use 
as cement material by reason of their situation at the river's m&i^in, 
they are not necessarily more valuable chemically than their exten- 
sions to the north or the south and possibly elsewhere in the re^n. 
At present, however, transprortation facilities are not very favorable. 
There has been no way of reaching the property by wagon road since 
the abandonment of the river ferry at the mouth of Captain John 
Creek. Water transpoclation down Snake River from near the 
mouth of Grande Ronde River would probably be feasible for all 
but about four months of the usual Inw water in summer time. At 
least three railroad surveys follow Snake River in this vicinity; their 
stakes may be found on both sides of the river. The moat recent 
survey is on the Washington side; it was recorded in October, 1911, 
in the railroad division of the General Land Office, 

POHTIiAND CEMENT BE80URCE8 OP ILLINOIS. 
POBTLAHS OEHBIIT UATEBULS. 

Low-magnesia limestooes suitable for use in Portland c«nait 
manufacture occur in BlinoiB in the Ordovician, the Mississippian, 
and the Pennsylvanian ("Coal Measures"). Only the Qrdoviciui 
and Pennsylvaman limestones have yet been utilized in Illinois as 
Portland cement materials, though (he Hismaeippian limestones, 
when their location, thickness, and composition are considered, 
would seem to be the most promising of the three. 

ORDOVICIAN ("TBENTON") LIMESTONES. 

^Though the Ordovician limestones cover a very large part of north- 
em Illinois, they seem, in that part of the State, to be almost every- 
where high in magnesia and therefore unavailable as Portland 
cement material. In western and southwestern Illinois, however, 
along Mississippi River, a number of isolat«d areas of Ordovician 
limestone occur, the rock from which, from the analyses available, 
seems sufficiently low in mf^osia. 

The geologic map (PI. V) shows the location of four separate 
areas of Ordovician limestone in the district considered. The first 
area lies on the east bank of Mississippi River at and below Thebes 
for a mile or two. The second area, lai^r than this, extends along 
the east bank of Mississippi River from Harrisonville to Smitjis 
Landing, in the northern part of Monroe County. A third area is 
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exposed along both banks of Uliuois Kiver, near Hartford, in Jersey 
County. The fourth area lies along the east bank of Mississippi 
River, south of Harding, in Calhoun County. 

The only aTailable analyses of Ordovician limestone from any of 
tiiese areas show a very pure nonnugnesian limestone. 

Armlytet o/Onkmeian UmeiUmefrom Thebei, Alexander County, III. 
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Similar occutrenoes of iionmagnesiaQ Ordovician limestoaes across 
the rivflr in Missouri are discussed on page 247, where further analyses 
are given. 

In the cut on the Illinois Central Railroad north of the zinc- 
smelting works at Lasalle the following section is shown:* 

Section near Lamlle, III. 

1. Green and ash-gray clay ahalw 4 

2. Nodular calcareous shale 3 

3. Greenish clay ahalo 12 

4. Impure chocolate-colored limettbine 2 

5. Red and green shales 10 

8. Green ahaly clay 8 

7. Nodular shale or Bhalylimeetone 6 

8. Upper main limestone 12 

9. Green shale 2 

10. Lower limestone '. 12 

Beds 8, 6, and 10 of this section, taken together, represent bed 5 
of the preceding section. The shale parting (No. 9) which here sepa- 
rates the two limestone beds increases in thickness farther south, 
until at Peru it measures 6 to 8 feet. This limestone series occurs at 
about the horizon of coal bed No. 9 of the Illinois reports and is prob- 
ably the same as the limestones exposed near Carlinville. 

UISSISSIFFIAN UHE8TONE8. 

The Miasis^ppian limestones occur only in one belt, which extends 
through western and southern Illinois. The northern end of this belt 
is near New Boston, in Mercer County. From this point the limestones 
extraid southward along Mississippi Kiver, in a belt averaging per- 
h^M 20 miles in width, through Henderson, Hancock, Adams, and 

> Os>l. Surrey Illinois, vol. 7, isaa, pp. 46-47. 

n.^dbyGoO^lc 



142 POBTLAND CEMENT MATERIALS OP "UNITED STATES. 

Pike counties. A narrow brandi of this belt extends up Illinois 
Kiver as far as Beardstown, and narrower bands border several of 
the latter tributaries of the lUinois. The main belt continues south- 
ward parallel to and usually bordering Mississippi River and covers 
the greater part of Scott, Qreene, and Jersey counties. Near Alton 
the limestone belt contracts until it is only a few miles in width, but 
widens out again a few miles south of Alton and covers extensive 
^eas in Madison, St. Clair, Monroe, Randolph, and Jackson counties. 
Near the southern boundary of Jackson County the belt leaves the 
Mississippi and turns eastward through Union, Johnson, Pope, and 
Hardin counties. 

Tlie following notes by Stuart Weller and E. F. Burchard on prom- 
ising Portland cement materials from near Golconda, Pope County, 
are quoted from the latest Illinois Geolc^cal Survey bulletin:* 

W 319* Location: Sec. 19, T. 13 S., R, 7 E. Geological formation, "ChaUr." 
Sample from qiiarry on hillBide north of Golconda to right of rood going up hill. AC 
thu point about 15 feet of limestone has been quarried and cnubed tor road making. 
Above the limeslone and also below it are shaly beds. 

W 320. I.«cation; SW. 1 SE. J sec. 22, T. II S., R. 7 E. Rainey place, 14 miles 
north of Golconda. Geological formation, Su. Genevieve. Sample from prospect pit 
for spar. 

Section on SaiTuy /arm, 

2. Shale 10 

1. Limestone with dwie partings (W 320) 15 

W321.* Location: Sec. 26, T. 13 S., R. 6 E. Geological formation, •'ChetUf." 
Sample from outcrop on property of Edward B. Clark, Limestone Hill, weet of Gol- 
conda and one-fourth mile northwest of the Illinois Gentrel Railroad. (See PI. 
XVIII.) The outcrop of 100 feet or more of limestone and shale is so covered with 
taluB that the proportions of limestone and shale cannot be seen. The sample was 
taken from one of the outcropping beds of limestone. 

Bu 20.* Location: Sec. 2», T. 13 8,, R. 6 B. Geological formation, "ChetUr." 
Sample is composite of all outcropping limestone beds in the ame section from which 
mnple W 321* was taken. The sample represents an aggr^ate of 50 feet or more of 
limestone. The overburden is light. The analyses of samples of shale from the same 
locality, as given in a later chapter, indicate that the materials are well adapted for 
cement manufacture. 

Bu 21* 22," 23." Esaraination was made by Mr. Burchard, of the U. S. Geological 
Survey, of shales and limestone on the Edward B. Clark property known as Limestone 
Hill. This lies west of Golconda in sec. 26, T. 13 S., R. G E., and offers excellent 
opportunity for cement manufacture (Bu 20*). 

Bu SI" is from a 5- or 6-foot roadside exposure of a bed of shale which is probably 25 
feet thick. Bu 22* is from a 5}-foot prospect hole in the creek bank and occurs in the 
same horizon as Bu 21.* Bu 23* is from a Sj-foot exposure in a prospect pit. 

The overburden on the shale repreaented by Bu 21* and 22* ranges up to 40 feet. 
The shale from which Bu 33* was taken underlies the limestone represented by Bu 20, * 
and if used in connection with tbe shale interbedded with the limestone would prob- 
ably furnish enough material for c cement mixture. 

mnm at nUnDte BulLnUiKls 
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Ab in other States, the Mississippiao limestones of Illinois are in 
general rather well adapted for use as Portland cement materials. 
In places they contain beds too high in magnesium carbonate, but 
their commonest type contains say 90 to 95 per cent of lime carbo- 
nate, 1 to 4 per cent of magnesium carbonate, and 1 to 6 per cent 
of siUca, alumina, and iron oxide. The analyses below are fairly 
representative. 

Analyiet of Mittunppian limestone from IlUnoia. 
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1. HaAtehead, Adams Coanlf . N. 0. Bvtlett, ualyBt. Twentieth Ana. Kept. U. B. G»L Survey, 
pC e (ooDtlnaed), 18R!>, p. 377. 

3. Qulncy , Aiuma Ccnmly. H. Pntun, analyst, GmI. Barvey IlUnoli, vol. l.ISSfl, p. 108. 
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PBMNSTLVANIAN (" COAL MBASUREa") LIMESTONES. 

The Pennsylvanian ("Coal Measures") rocks of Illinois cover most 
of the State south of a line through Paxton, Wilmington, LasaUe, 
Princeton, and Rock Island. This thick series consists lai^ely of 
shales and sandstones, but it includes also some relatively thin beds 
of limestone, from which three of the five Portland cement plants now 
operating in Illinois draw their raw material. 

Most of the limestones are thin but fairly persistent. One bed or 
series of beds well exposed near Lasalle and C^leaby shows a total 
thickness of 20 to 25 feet of limestone. 

In the following geolc^c section, given in descending order, at 
LasaUe, Lasalle County, bed No. 5 is the limestone used by the three 
Portland cement plants at and near Lasalle. 

Section, ai LatalU, III} 

Feat. 

1. Shales 37 

2. Blue limestone 1 

3. BituminouB fihale and coal 2 

4. 8h»lw 32 

6. Limeetone 20 

6. BituminouB diale and coal 38 

7. Fireclay (absent in places). 

8. Shale 17 

». Limeelone 2 

10. Shale. 

' Beport nitools Board World 'a Fair CommtaioiMn, 18S3, p. I2S. 
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The F^msylvaiuaii limflstones, though generally high in clayey 
impurities, are commonly low in m^nesium carbonate. The analy- 
ses given in the following table are of the more ai^illaceoua lime- 
stones. For analyses of purer rocks, used at three Portland cement 
plants in the State, see pages 151-152. 
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In the following tables are given a number of analyses of lime- 
stones, shales, and clays without reference to age, many of which 
are considered suitable for the manufacture of Portland cement. 
The shales are used in large quantities for the manufacture of clay 
products. These analyses of limestones were made by the Illinois 
Geological Survey' and are published here through the courtesy of 
that bureau. 
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These analjBes represent but a few of the available shales of the 
State, owing to the fact that a survey of these materials has not yet 
beeamade. 

FORTXiAni} omSNT XiroUSTBT IN ILLIH0X8. 

Five Portland cement plants are at present operating in Illinois. 
Three of these plants use limestones and shales from the "Coal Meas- 
ures," one uses Ordovician limestone and Quaternary clay, and 
the fifth utilizes a mixture of blastr-fumace slag and limestone. 

The Chicago Portland Cement Co. plant is at Oglesby, Lasalle 
County, The following section is exposed in the quarry: 

Section at quarry of Chieago Portland Cement Co., OgUtby, III. 

limeetones 28 

Black slaty Bhale 6 

Coal i 

Harder gray ahale 9 

The raw materials used at the plant are limestone from this quarry 
and shale from both of the beds noted. Analyses of the raw materials 
are given in the following table, the shale being from the 6-foot bed of 
black shale: 

AnalyMt of cement maUiiaUfrvm Ogktbf, III. 
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Tlie plant of the German-American Portland Cement Co. is just 
east of lisaalle. The quarry shows 8 to 10 feet of limestone, underlain 
by 3 to 3i feet of blue shale, and this in turn is underlain by II to 
^12 feet of limestone. Other shales outcrop beneath the lower lime- 
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Stone but are not at present used in the cement plant. Analyses of 
the raw materials, made by W. E. PrOasing, follow: 

Analyits of cement materialt from LaialU, III. 
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The plant of the Marquette Cement Co. is at Dickinson, about 5 
miles south of Lasalle. The limestone used is derived from the two 
heavy beds in the "Coal Measures." (See sections, pp. 141, 143.) 
The shales which occur below the limestone, as noted in these sec- 
tions, are quarried to complete the mixture. Analyses of the raw 
materials used are as follows: 

Amdytet of cement mattnaUfrom Didcinton, lU." 
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Of the two remaining Portland cement plants in Llinoia, Hiat of 
the Universal Portland Cement Co. at Soutii Chicago uses a mbctiire 
of blast furnace slt^ and crushed limestone from Fairmont, 111., and 
that of the Sandusky Portland Cement Co., at Dixon, Lee County, 
uses a mixture of Quaternary clay and limestone, the latter being 
Ordovician limestone and of the same age and type as the so-called 
"g^aas-rock" of Wisconsin (p. 371). 

Coal is the kiln fuel at all the Illinois plants. 
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PORTIiAND CEMENT RESOURCES OF TNJ>IANA. 
FOBTUND CEHBHT HATERIALS. 

Ill Indiana certain limestones that contain only small amounts of 
magnesia seem worthy of consideration as Portland cement material. 
These are contained in the Cincimiatian shales ajid limestones, the 
Mississippian limestone, the Pennsylvanian limestones ("Coal Meas- 
ures" ; see PJ. XV, p. 300), and the fresh-water marls of Quaternary 
age. Of these four possible sources of cement material the Missis- 
sippian limestone and the Quaternary marl are now used by cement 
plants in Indiana. 

CINOINNATtAN SHALES AND LIHBSTOITBS. 

The Cincinnatian series is found only in southeastern Indiana, 
occupying part or all of the counties of Union, Wayne, Fayette, 
Franklin, Dearborn, Ohio, Switzerland, Ripley, and Jefferson. In 
this area it is made up of bluish thin-bedded limestones interhedded 
with soft bluish-green calcareous shales. The lower 200 feet con- 
sists almost entirely of shale, and the next 200 feet contains more lime- 
stones than any other part of the series. Locally, in Clark and 
JeffeiBon counties, toward the top of the smes, massive sandy lime- 
stone beds, brownish in color, occur. 

No analyses of the limestones and shales of this series from Indiana 
localities are available, but a number of analyBes of similar materials 
from adjoining areas in Ohio and Kentucky are given on pages 
189, 300. 

lOSSISBIPPUK ("LOWBB OAABONIFEROnS") LOOiSTONES AND SHALES. 



As shovn on the geologic map (Fl. XV), the Mjssissippian rocks in 
Indiana lie in a belt averaging 20 miles or more in width and extend- 
ing from Ohio River in a general northwesterly direction to the 
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Illinois line. Another area underlies Elkhart, Lagrange, and St. 
Joseph counties, in the extreme northern part of the State. 

The Mississippian rocks as thus mapped include several distinct 
formations. Beginning at the top these are (a) Chester group (sand- 
stones, shales, and limestones), (6) Mitchell Umestone, (c) Spergen 
limestone (known to the trade as Bedford oolitic limestone), (d) 
Harrodsbuig limestone, and (c) "Knobstone" group (shales and 
shaly sandstones). 



The Chester group, which includes several beds of limestone inter- 
bedded with sandstones and shales, is 100 to 150 feet thick and is imme- 
diately overlain by the heavy sandstones of the Pottsville forma- 
tion. In view of the nearness of the thick and valuable Mitchell and 
Spergen limestones it seems improbable tbat^ the limestones of the 
Chester group will become of importance as cement materials. 



HJTOHSLL I.niX8T0n. 



The Mitchell hmestone, lying below the Chester group and above 
the Spergen hmestone, consists of thick limestones with some thin 
beds of shale. It ranges in thickness from 150 to 250 feet. 



6PBB0IS UMSSTOHX. 



The Spergen limestone varies in thickness from 30 feet, or evwi less, 
to 90 feet, the greater tMcknesses lying between Bedford and Salem. 
The Spergen is the well-known oolitic rock known to the trade as 
Bedford oolitic stone — a creamy white hmestone, soft when freshly 
quarried, but hardening rapidly on exposure. 



Underlying the Spergen limestone is the Harrodsbuig limestone, 
which ranges from 30 to 100 feet in thickness and is made up mostly 
of limestones, with scattered thin beds of shale. 

-SKOBSTOVS" OBOUF. 

The lowest division of the Miasissippian series, the "Knobstone" 
group, is about 400 feet in thickness and is made up of shales and shaly 
sandstones. The "E^obstone" is of interest in the present connec- 
tion because the shale used at one of the Portland cement plants of 
the State is derived from it. 



The composition of the Mississippian limestones of Indiana is 
shown by the following analyses, most of which are of the Spetgen 
limestone (Bedford ooUtic limestone of the trade): 
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1. Chlcteo A Bedtord SUne Co., BedEntd, Lawrence County. ElchUi, Nlntb, ana Tenth Ann. 
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a; Blmnon & Areber quairv, near SpanoeT. Idem, p. M. 

3, i. S. TJimn 4 Co., Blooroington. Twndtj--(lra[ Kept. Indiana Dept. (Jpolog)', 18B7, p. 3M. 
e. Honna Uvble Cl). StlnnvlUe. Baport of ■ ^nltiglc ncoonalnune o( IndUu, L^ p. 137. 






Indlaua Dapt. Oaolccy, 1902, p. W. 



Kept. U. 8. Geol. Snr- 



arquarrr, Harrtson Coonty. Idem, ,. _ 

-. W. A. NoyBB, anaJyat. Twenly-oSTBilth R 

10. Acme Bedford Btone Co., Claai Creek, iioa 
my, nt. B (eontlnned), 1899, p. 3S1. 
ll.aaD.Uit fins.' quarry, Hunter Valley. W. A. Noyea, analyst. Tventy-Ont Kept. Indluu Dapt. 

U. 1ndlaDaSUmeCo.,BwUord, LAWTeaceCoDnty. W. A. Noyea, analyst. Idem. 
13. Twin Cnek Btooe Co., Balem, Waabingtou CoUDty. W. A, Noyea, analyst. Idem. 
1^ RoinoDa Oolitic Stone Co., Romona, Owen County. W. A. Noyea, anidTst. Idem, 
16-10. Hooshr Btdtw Co., BedlOid, I^wrence County, F. W.Clarke, analyst. Bull, U, S. Geol. Snrvm 
So. a, I8S7, p. HO. 



LIHESTONES OF THE PENNSTLTANIAN SERIES ("COAL MEASUBES"). 

Limestone beds occur in the "Cool Measures" of Indiana, but 
detaib regarding their distribution and composition are lacking. 
The Pennaylvanian limestones in adjacent portions of Illinois are dis- 
cussed on page 143. 

FBE8U-WATGB HABL8 OF QUATERNABT AQE. 

A very detailed report on " The lakes of northern Indiana and their 
associated marl deposits" has been made by W. S. Blatcliley and 
G. H. Ashley,' who have described and mapped all the known marl 
deposits in tlie State. Tlie following data are abstracted from their 
report: 

Marl deposits of sufficient size to justify the erection of Portland 
cement plants occur in Indiana in the three northern tiers of counties 
only. The largest of these deposits, so far as area is concerned, is in 
Lake Wawasee, which contains about 1,700 acres, and the thickest 
deposit (45 feet) is reported from Turkey Lake, Lagrange County. 

A deposit of marl covering 160 acres and 10 feet thick will supply 
for 30 years a cement plant producing 500 barrels a day. Thirty- 
three deposits of this size or greater are described in the report. The 

■ TvatyJUtb Ann. Kept. Indlaiia Dept. Otology, 1001, pp. 31-321. 
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names and locations of the lakes containing these workable deposits 
are as follows: 

Latet eonlaming marl dtpoiitt in TmHana. 

1. Hog lAk«, Steuben Oounty, 2 miTes west of the village of Jamestown, JajneMown 

Townahip. 

2. Lime Lake, Steuben County, 1 mil« northwent of Orland (Hill Onrve Towndiip). 

3. Cletir Lake, Steuben County, in sees. 19 and 20, T. 38 N., R. 16 E. (Clear Ltike 

Townahip). 

4. Shallow and Deep Ukee, Steuben County, aeca. 6 and 7, T. 37 N., R. 12 E. (Jackacm 

Townahip). 

5. James Lake, Steuben County, 3 mUee northwest of Angola. 

6. Gage Lake. Steuben County, sec. 35, T. 38 N., R. 12 E. 

7. Silver Lake, Steuben County, 4 milea vest of Angola. 

8. Shlpahewana Lake, Lagrange County, duree-fourtha of a mile weat of Shipahewana. 

9. Cedar and Graas lakes, Lagrange County, 3 milea northeaat of Lima. 

10. ¥idx Ijkke, Lagrange County, 8 miles southeast of Lagrange. 

11. Turkey Lake, Lagrange County, near Stroh. 

12. WaldnMi Lake, Noble County, 2 miles west of Rome City. 

13. Eagle lAke, Noble County, sec. 6, T. 34 N., R. 9 E. 

14. Deer lake, Noble County, sec. 25, T. 34 N., R. 8 E. (Sparta Townahip). 

15. Crooked Lake, Whitley County, sees. 3 and 4, T. 32 N., R. 9 B. (Tbom Creek 

Towndiip). 

16. Loos Lake, Whitley County, 9 mUea northwest of Columbia City. 

17. Simonton Lake, Elkhart County, sees. 13, 14, 15, 16, and 17, T. 38 N., R. 6 E. 

(Osolo Townahip). 

18. Indiana Lake, Elkhart County, northwest of Bristol. 

19. T^irkey Lake, Koaciuako County, near Syracuse. 

20. Syracuse Lake, Eoaciusko County, near Syracuse. 

21. Milford lake, Kosciusko County, 4 milea aoutheast of Hilford. 

22. Tippecanoe Lake, Kosciuako County, three-fourthaof a milesoutheaat of Uilirad. 

23. Barbee Lake, Koacluako County, 3 milea southeast of Oswego. 

24. Little Eagle I^ke, Kosciusko County, 3} miles northeaat of Warsaw. 

25. Center Lake, Eoaciuako County, Wamw. 

26. Winona I^ke, Kosciusko County, 1 mile aoutheaat of Warsaw. 

27. Manitou Lake, Fulton County, 1 mile southeast of Rochester. 

28. Maxinkuckee Lake, Marshall County, sees. 15, 16, 21, 22, 27, 28, and 34, T. 32 

N., R. 1 E. 

29. Houston Lake, Marshall County, sees. 7 and IB, T. 32 N., R. 1 E. (Union 

Towu^ip). 

30. Chain Lake, St. Joseph County, 5 milea weat of South Bend. 

31. Du Chemin Lake, Laporte County, 11 miles northeast of Laporte. 

32. Pish Lake, Laporte County, Pish Lake station. 

33. North Judaon MarA, Starke County, 3) milea weat of North Judson. 

Descriptions are also given of a number of other marl deposits, 
wliich, though of sufBcient size, have the larger part of their area cov- 
ered by 10 feet or more of water, and are therefore not workable 
under present conditions. 

The composition of these marls is shown by the following table:' 

■ Tw«nt;4ftli Am. Rept. IsdlaiBi Dcpt. OtOlatf, liOl, p. 111. 
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Analyut of Qnal^emary marltfmn /ntAono. 
[W. A. NofM, analyst.] 
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8. Coi^ L^, Elkhait County. 

11. DewutUke.Koicluslco County. 
IZ. TlppHanoe Lake, KoKlnsko County 






3. Tippecanoe Lake, KOBdUBko County. 

sa Notie Dune Lake, Bt. Joa^ County. 
23. North Judrcn Uar^, Btarke County. 



POBTLAND CEHBHT INSTTSTKY IK IHBIANA. 

Indiana now ranks second only to Pennsylvania as a Portland 
cement producer, the output of the State during 1911 having been 
about 7,500,000 barrels, produced by five plants. The earliest 
established plants were those of the Sandusky Portland Cement Co., 
at Syracuse, the Wabash Portland Cement Co., at Stroh, and the 
Lehigh Portland Cement Co., at Mitchell. Of these the first two 
mentioned operated on a mixture of marl and clay, and the one last 
named used hard limestooe and shale. 

During the past few years three other plants have gone into opera- 
tion in the State. That of the Louisville Cement Co. is at Speeds, 
near the Ohio River, in the natural-cement district of southeni 
Indiana; that of the United States Cement Co. is at Bedford, and 
that of the Universal Portland Cement Co. is at Buffington. Of 
these three newer plants two use a mixture of limestone and shale, 
and the third operates on a mixture of blast-furnace slag and 
crushed limestone. The plant at Bedford was not operated in 1911. 

Analyses of the raw materials used and of the product turned out 
at several of the Indiana plants follow. 
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Analyut of tow maUrialt and eanetUjrom Syneutt, Ind. 



81Ucb(S10i). 
Alumliu(AU.. 
Iron Ditdt (Fat( 
■■ OaO) 



a»(AliO0.... 

dae(FsA).. 

Llnifl(CaO)... 



■- J (6.01 



3. Clsf. Tweaty-OfthAiui.Rept. Indiana Depl. 



w,pt.fl(co 
Oeology.lB 
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3H. Clay- Idem. 
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BXBUOasAPKT. 

The foUowing papers relate to the raw materials or the manufacture 

of Portland cement in Indiana: 

BLATCRiiEr, W. S., pFeliminary repent on the cl»ya and clay industriea tA th« coal- 
bearing countieB of Indiana: Twentieth Ann. Rept. Indiana Dept. 0«o]ogy, 
1896, pp. 24-187. 

ClayB and clay induBtriea of northweetem Indiana: Twenty-eecraid Ann. 

Rept. Indiana Dept. Geology, 1898, pp. 106-153. 

Portland cement (in Indiana): Twenty-fifth Ann. Bept. Indiana "Dept. 

Geology, 1901, pp. 1-30. 
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Bi^TOHLBT, W. 9., Oolite Mid oolitic etone for Portliuad cement manoiacture: 

Twenty-fifth Ann. Rept. Indiana Dept. Geology, 1901, pp. 322-330. 
and Aam.IT, G. B., The lakes of nurtbem Indiana and their aaaociated marl 

deposite: Twenty-fiftb Ann. Rept. Indiana Dept. Geology, 1901, pp. 31-321. 
Hopkins, T. C, and Sibbenthal, C. E., The Bedford white limestone of Indiana'. 

Twenty-lirat Ann. Rept. Indiana Dept. Geology, 1897, pp. 291-427. 
Lathbttrt, B. B., and Spackman, H. S., The Wabash Portland Cement Company, 

StnA, Ind.: The Rotary Kiln, 1902, pp. 128-133. 
SiasKNTHAL, C. E., The Bedfcsd oolitic limeetone (Indiana); Nineteenth Ann. Rept. 

U. 8. Geol. Survey, pt. 6 (continued), 1898, pp. 292-296. 
Uddkn, J. A., He Oolitic limeetone industry at Bedf<vd and Bloomington, Ind.: 

Bull. U. S. Geol. Survey No. 430, 1910, pp. 335-345. 

PORTI.A.ND CEMENT RESOURCES OF IOWA.. 
FOBTLANS CEMENT KATEBIALS. 
The State ks a whole. 
In the preparation of the following statement concerning the 
Portland cement resources of Iowa the section on the cement re- 
sources of the State prepared by H. F. Bain ' has been largely drawn 
upon, most of the matter being quoted entire. 

CHARACTER AND DISTRIBUTION OF MATERULS. 

It has already been sSown that materials capable of furnishing the 
silica and alumina necessary to the manufacture of Portland cement 
are widespread and that the location of new plants is apt to be deter- 
mined by the presence of suitable calcareous deposits and favorable 
industrial conditions. Iowa affords no exception to these general 
rules. Practically all parts of the State contain shales or clays 
which might, if necessary, be used as one of the constituents of a 
cement mixture. The indurated rocks from the Ordovician to the 
Cretaceous afford shales of wide distribution and excellent character. 
The surface formations supplement these resources with loess, 
alluvium, and certain minor bodies of water-laid ciay of glacial 
derivation The calcareous constituent of cements may be derived 
from marts, chalk, and limestone, all of which occur within the 
State, though in very unequal importance. Material suitable for 
use in the manufacture of Portland cement can be found at almost 
every point in the State. (See PI. VI.) 

• CALCAREOUS HABI.S. 

Korth-central Iowa is covered by Wisconsin drift' and is dotted 
with numerous small shallow lakes resembUog in appearance and 
genesis those of Michigan. From time to time small amounts of 
marl have been reported from these lakes, but so far no bodies of 
commercial importance have been located. It is not impossible, 
however, that such may be found. 



3, l«Ot, pp. U7-1«S. 
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CHALK DEPOSITS. 

The Cretaceous deposits which cover the western third of Iowa 
include important bodies of chalk. With but two unimportant 
exceptions, however, the outcrops are confined to the valley of Big 
Sioux River between Sioux City and Hawarden. These chalk beds 
received some attention in the course of the early geological surveys 
of the region and have been restudied in late years by Calvin,' 
Bain,* and Wilder.' 

The chalk forms prominent bluffs at intervals and may be well seen 
near Westfield, Akron, and Hawarden. It was referred to the 
Niobrara hmestone until Wilder discovered fossils characteristic of 
the Benton in the shale above, thus proving that the chalk is the 
equivalent of the "Oyster Shell Rim" of the Black Hills or the 
Greenhorn limestone. 

A thickness of 20 to 30 feet is ordinarily seen in individual expos- 
ures, but a total thickness of 50 feet is probably present. A general- 
ized section may be ^ven as follows: 

Section qfCrctactoiu dtali bedt. 

1. Chalk 4-6 

2. Limeetone, eoft, Bplitting into thin slabs, and crowded with shells 

of Tnoceramul 12 

3. Chalk 12 

The interbanding of thin-bedded limestone with the chalk, as in 
the foregoing section, is characteristic. Both materials are soft 
and grind easily. Almost no magnesia is present, and some of the 
chalk beds themselves carry enough or more than enough clay to 
make a good cement mixture. Excellent clays occur everywhere 
immediately above or below and are now being used at Sioux City 
and elsewhere in manufacturing a wide variety of clay products. 

AniUytet ofJowa dtaUet. 
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1. Chatt rock, HairaitlBn Iow». Nevberrr, aD«lysl. 
3. Chalk rock, Leraan, lows. W«nu, analyst. 



t CilvlD, S., Crelacsoiu deposlla ol Woodbury and riynvnith coUDtln, etc.: Iowa Oeiil. Surrey, vol. 
1, 1893, pp. 147-101. 

> Bain, H. F., Cntaceous deposits of Ihe Slonx Valley; lova OeoL Survey, vol, 3, 189S, pp, 101-114; 
Qeolog; ol Woodbury County; Idem, vol. i, 1896, pp. 373-176, 285-296; Oeology or Plymouth County: Idem, 
TOt. S, 1898, pp. 3H-3«a. 

• Wllda, F. A., Gecdogyot Lyon and Sloox oountln; Iowa Omd. Sorroy, voL 10, l«oo,pp. lU-lU, 
ui-ua. 
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LIHESTONXS. 

Nonmagnesian limestoDefl are found in Iowa in the Ordovician, 
Devonian, and Carboniferous. The limestones of the Cambrian and 
Silurian are, without important exception, highly magnesian. Those 
of the Ordovician are predominantly magnesian, though an exception 
occurs in the case of the beds formerly mapped and discussed under 
the name "Trenton." In eastern Iowa the dolomites and magnesian 
limestones have heretofore attracted more attention than the non- 
magnesian rocks, and flourishing lime and building stone industries 
have been founded upon them. Limestone of one class or the other 
occurs in all of the eastern and most of the southern counties. In 
the northwest the covering of Cretaceous and Pleistocene deposits 
limits the outcrops to a few deep stream valleys. (See PI. VI.) The 
transportation facilities available at each point may be best learned 
from the topc^raphic map of the State. 

OBDOVIOUjr LIKEflTORXB. 

Below the Devonian but one limestone at all suitable for Portland 
cement manufacture outcrops in Iowa. In the past it has been 
called "Trenton" limestone, but it is now known as Flatteville lime- 
stone, the local name being employed because it is now known that 
the formation is not the same as the Trenton limestone of Now York. 

It occupies portions of Dubuque, Clayton, Fayette, Winneshiek, 
and Allamakee counties.* 

The strata included in the Flatteville limestone are in the main either 
nonmagnesian or only slightly magnesian. In composition as in 
geoI(^ic position they are almost exactly equivalent to the famous 
cement rock of the Lehigh Valley, from which one-third of the Port- 
land cement of the United States now comes. 

Excellent exposures of the Flatteville occur along the Mississippi 
River and its tributaries in the counties named above. At Specht 
Ferry, in Dubuque County, the following section was observed: 

Spedxt Ferry itetion. 
Galou dolomite: F«at. 

1. Dolomite, thio bedded, biovii, with ah&ly putings 4 

2. Limestone, thin bedded, imperfectly dobmitized, with fossil bnch- 

iopod shells only dightly ctumged; the limestone brown, eartliy, 
uoncrystalliiie 3 

3. Thick, earthy, imperfectly dolomitized beds 3 

4. Thin limestone beds with much sh^e in the partings; in part a true 

riude 5 

6. LimMtone, bluiA and ntthw coarse grained; a few foeeilfl 4 

6. Limestone similar to above 3 

7. Limestone similar to above 18 

> ra tlw *»*«; tt *""~^— Countr m» Iowa Ovi. eamj, vol. 4, UW, pp. U-OO; la nuboinw 
Cnmtj an Idoni, vol. 10, lUO, pp. snMBl; tor J%j»\Xa Coontr n* Idem, toL It, IW, VP- 4M-S«l for 

WlmMbtek sod OaTtm oauntlH n* Idan. toI. IS, ISOf, pp. 3M«, Ud 113-107. 

48834°— Bull. 622—13 H 
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Deconh ahale: 

S. Shale, bluiah or greenish, containing some thin beds or discontinuous 
flakes of limestone; the "Green shAlee" of the Minnesota geologists, 

now known asDecoish shale 12 

Flatteville limestone: 

g. Limestone, thin bedded, blui^, rather coane grained, weathering 

brownish in coloi 5 

10. Limestone, in rather heavy layers, which nugo up to 16 inches in 

Uiicknees; bluish on fresh fracture, but weathering to buff on ex- 
posure 5 

11. Limestone, brittle, fine gnined, blue, very foailiferous, brealdi^ up 

on weathered surfaces into fleKUous layen about 2 inches in tiiick- 

12. Lower buff beds, exposed, about 8 

13. Unexposed to level of water in river 45 

The Decorati shale (No. 8 of the above eection) and the limestones 
above and below were sampled and analyzed by Limdteigen with the 
results given below: 

Analssei o/ PlatUeilU limestone, Galena dolomite, and Dteorah shalt/rom Sperht Fern/ 
irrtion. Foi'ii. 
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•. Oenoial Mmple of clsy. 



Though the magnesia in certain of the-te beds is higher than is 
desirable, a large amount of rock, no higher in that constituent than 
that elsewhere used, is available. It is probable that careful search 
would locate even better beds at the same horizon farther north. 



DKVOMUir LIHUTORSS. 



Beds representative of both Upper and Middle Devonian exist in 
Iowa. The former includes the State quarry limestone of the Iowa 
State Survey in Johnson County/ the Sweetland Creek shale in Mus- 
catine County,' and the Ijime Creek shale. The tai^er portion of 
the Iowa Devonian section, however, belongs to the Middle Devonian, 
which is represented over lai^e areas by the Cedar Valley limestone 
and the Wapsipinicon hmestone. In places these formations have 
been subdivided and individual members have been mapped. The 
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Lime Creek shale and Wapaipiaicon limestone each includes some 
magnesian rock, but in general the Devonian limestones in Iowa are 
characteristically free from magnesia. 

WAPBIPIHICON UUESTOHE. 

The Wapsipinicon limestone was first discriminated by W. H. 
Norton, who has discussed it in considerable detail and has mapped 
subdivisions of it in Linn,* Cedar,' and Scott ' counties. J. A. 
Udden has discriminated it in Muscatine County,* and Calvin has 
mapped certain members belonging to it in Johnson ' and Buchanan * 
counties. In the northern portion of the State there is an overlap, 
and the Wapsipinicon does not appear at the surface. 

The formation includes some shale and some very pure limestones, 
but magnesia is apt to be abundant in almost any section, and careful 
sampling will be necessary to deteimine t,he availability of the rock 
at any given point. The Fayette breccia of JIcGee, which forms the 
upper member of the Wapsipinicon, inchides near Rock Island a 
very pure limestone, as is shown by the following analysis: 

Analytii of limatone/rom upper part of Wapstpiniron limtttone^ 

Insoluble 0.43 

Iron (aa carbonate) 36 

Lime carbonate (UCOa) 98.77 

LooB, alkalies, elc 45 

Samples of the Otis and Kenwood beds of the Iowa State Geologi- 
cal Survey from a railway cut 2 miles north of Cedar Rapids showed 
BO much magnesia as to preclude the use of the rock. 

CEDAK VALtBY LIHBSTUNE, 

The most important formation of the Devonian of Iowa, whether 
measured by areal extent or by thickness, is the Cedar Valley lime- 
stone. It extends from Muscatine County on the Mississippi to the 
Minnesota Une in a broad belt trending northwest. It has an esti- 
mated maximum thickness of 300 feet and rests to the southeast on 
the Wapsipinicon hmestcne. To the northeast it comes by overlap 
to rest on the Maquoketa shale.* To the southwest it is in turn 
covered by rocks of the Mississippian aeries. To the northwest the 
Lime Creek shale intervenes between it and the Mississippian, 

In the southern portion of the area of outcrop the ('edar Volley 
limestone is characteristically a nonmagnesian limestone, which is 

' OttdDgr ft Uim Count;: lows 0«aL Sorrey, Ted. t, isas. pp. 121-ltK. 
•GedogTot Cedar County: Idem, vol. 11, 1901, pp. a79-M6. 
■ Otology of Scott County: Idem, ml. S, ISM, pp. unSX. 

* Otalog; of UnacaUue County; Idem, vol. 9, IBM, pp. Z4B-3W. 
' Onlogy of lohnsoD County: Idem, ■<r<A. 7, 1807, pp. 33-llB 

• OttHogy a BuchuuD County: Idem, vol. 8, ISSS, pp. 301-166. 

' HaB, Junes, Kept Oeol. Survey Ion, vol. 1, pt. I, IMS. p. 373, 

■CiItIo, 8., Geology of Howard County: Iowa Geol. tjuivoy, vol. 13, U03,pp. W-^ 
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geDerally fine gruned and breaks with & sharp conchoidal fracture. 
This phase of the formation is ezcelientliy exposed iu Johnson County. 
The following analysis yraa made by Geoi^e Steiger, in the laboratory 
of the United States Geological Survey, from an average sample rep- 
resenting the rock quarried at Iowa City, Johnson County, where a 
total thickness of about 60 feet is exposed. 

Analgwi* of Cedar VolUy limeUone at Iowa City. 

Silica (SiO,) 3.08 

Alumina {AI,0^' 1. 24 

Iron oxide {Fe,0,) 73 

Lime(CaO) 50.30 

Magnesia (MgO) 2.22 

Stilphui trioxid« (SO,) 06 

Toward the north the limestone becomes more magnesias until in 
Howard County it is a massive dolomite which has been mistaken for 
Niagara dolomite. About midway the rock has been extensively 
quarried at Independence and Waterloo, where it is a soft easily 
crushed limestone, apparently nonmagneeian in character. At 
Waverly it is soft, thin bedded, and exposed to a total thickness of 
about 50 feet. Analysis of two separate beds, by Lundteigen, gave 
the following results : 

ArudyMi of Cedar VaUeg Itmettont at Waverfy. 
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Still farther north, in Mitchell County, the limestone has attracted 
attention because certain beds are lithographic* The following 
analysis, made by A. B. Hoen, suggests that at least some of the 
stone is sufficiently free from magnesia to be suitable for cement 
material. 

Analyn$ of Cedar Valley Hmatone, MildieU County. 

Silica (8iO,) 0. 78 

Alumina (AlA) 12 

Lime(CaO) 54. M 

Magneda (MgO) 07 

Soda(Na,0) 18 

PoUdi(KaO) 11 

Ctabm dioxido (CO,) 43. 16 

Water (H^O) 36 



> Wllb tiM AliO) h included any TJOi or FiO. pr 
• I«wa OvA. Burvsr, v<*. U, ISOl, pp. ao-ua. 
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A number of fine exposures show 10 to 15 feet of the nonmagnesian 
beds. Not all this rock is free ftom cracks and crystals, but it is 
all similar in composition to the sample analyzed. At the Gable 
and other quarriee practically no stripping is necessary, and in the 
vicinity loess clay is abundanti 

LDfk CSBKK SBALt. 

The Upper Devonian of Iowa is well displayed in Cerro Gordo 
County and has been discussed and mapped in Calvin's report on 
that area under the name Lime Creek shale.' He gives the following 
general section of the formation: 

Oeneral tectum of the IAtm Creeh thah. 

Feet. 

1. Calcareous beds, light gray io color 20 

2. Magnedan shales and argillaceous dolomitea 30 

3. Limestone with slender Idiostroma 4 

4. Foffiiliferous calcareous shales 20 

5. Yellow DonloBsiliferouB shales. 10 

6. Blue nonloeeiliferoua shales 40 

Nos. 4, 5, and 6 of this section make up the Hackberry substage of 
the Iowa State Survey, and the remaining beds represent the Owen 
substage of that Survey, 

The shales constituting the lower portion of the foregoing section 
are used at Mason City for the manufacture of clay goods. Their 
noncalcareous portion is represented in the following analysis, made 
by G.E.Patrick: 

Analygii ofelagfrom Limt Creek dtale at ittuon CUu, 

Fmt. 

8nica{SiO,) 54.64 

Aliuninti (AljOj) 14. 62 

Iron oxide (c&lculated as FciOj) 5. 69 

Manganese oxide (calculated as MnO) 76 

Lime (CaO) 5. 16 

Magnesia (MgO) 2.90 

Soda(Na,0) 1.12 

Potash (KjO) 4.77 

Carbon dioxide (COj) 4. 80 

Hygroscopic water (expelled at 100° C) 85 

Combined water (expelled by ignition) 3.74 

09.05 

The beds above contain considerable lime. In the vicinit}- of 
Mason City, where they outcrop, there are extensive exposures of 
the nonmagnesian beds of the underlying Cedar Valley, and it should 
be possible to combine the two to advantage. 



1 Oeuiogj otCano Ooido Gnuitr: Iowa QvA. BiMnj, toI. 7, IW7, m- 117-192, 
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euBDtviatoHS. 

CarboniferouB rocks underlie a large portion of Iowa. They 
include limestones, sandstones, shales, and coals. Very few of the 
limestones are magnesian, and because of this fact, as well as because 
of their excellent situation with reference to fuel and tranaportation 
facilities, it seems not improbable that time will see the development 
of a considerable cement industry based upon them. 

Of the tliree series into which the Carboniferous has been divided, 
two — the llississippian and the Pennsylvanian — are represented in 
this State. The Mississippian has been divided into the Kinder- 
hook group, Osage group, and "St. Louis limestone," each con- 
taining important limestone beds. The Pennsylvanian includes the 
Dea Moines group (lower coal measures) and t)ie Missouri group 
(upper coal measures). The lower coal measures include most of the 
coal beds worked in the State but very little limestone. The beds 
outcrop * in a broad b^lt between the limestones of the &fissi9si|>- 
pian series to the east and the calcareous shales and thin Hmestones 
of the Missouri group, (See PI. VI.) 

KINDBRHOOK GROUP. 

The Kinderhook group forms the lowermost division of the Car- 
boniferous of Iowa. Its principal formation is a soft argillaceous 
shale, which is exposed to a thickness of 60 feet at Burhngton.* 
Above the shale are about 50 feet of sandstone and limestone belong- 
ing also to the Kinderhook group. In general, (he beds are not 
well exposed and in the southern area of outcrop are not likely 
to be of importance in cement manufacture, except as a source of 
clay to be mixed with the overlying Burlington limestone. Farther 
north, in Marshall County, limestone is extensively developed. It 
is quarried at Le Grande. 

The analyses following, by G. E, Patrick, indicate that a consider- 
able portion of the limestone of the Kinderhook group is suitable for 
cement manufacture. 

■ Reports upon mcKit at the comities In which the Carhonllenjua rocks are pm«nt will Le found Id Um 
nluQies of tlie [awa (ieoloilinil Survey, la loUow-i: 

Buinbiddt, B. 
Iowa, 30. 

Jeltnsoi). 12. 



Cbtto QOTdO, 7. 
Dallas, ». 
Davis. M. 



Fremont uid Ullb, 13. 
Oniady, 20. 
Guthrie,?. 
Hamlllon, 20. 
Hanqock, 13. 

> Weller, Stuart, Iowa Oeol. Survey, vat. 10, p. 6S. 



Keokuk. 4. 
L^3. ' 



SE;1 



Poiuwatlamie, 11. 

Poweshiek , 30. 

Van ^uren, 4, 

Wapello, it 
Warrea, 5. 
Washington, 6. 
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Analytet of Hmatont frtm Kinderhoot group atXegnmd, Iowa. 
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1. PfaiiHTaliiiKl oollle, 3. "CBemtane." 

2. BluellnHstane. 4. Slrailfled liiueatoae. 

Associated with these beds are certain others which are more 
magnesian, but which happen to be in demand as building stooe. 
Possibly a combination of industries could be based on this asso- 
ciation. In Hardin County there is a considerable thickness of the 
rocks with some associated shale. Still farther north and west the 
Kinderhook group outcrops but without exposing any great thickness. 
Though much of the limestone of the Kinderhook group is mag- 
Desiou, it is believed that in locaUties where other conditions are 
favorable the group warrants prospecting and testing, 

OBAnR ORO0P. 

The Osage group includes formations which have been widely 
known as the Keokuk and Burlington limestones. It consists for 
the most part of coarse crinoidat limestone, white, nonmagnesian, 
and with chert in nodules along bedding planes. The Umeetone, in 
the upper portion especially, is associated with abundant ai^llaceous 
shale, and outcrops in many steep bluffs, at the foot of which the 
shales of the Kinderhook group are available. The beds are best 
exposed in Lee and Des Moines counties but occupy portions of 
Louisa, Washington, Henry, and other counties in the southeast. 

At Burlington, in the south bank of Cascade Hollow, the following 
section was measured by T. E. Savage: 

Cascade Hollow tKtion. 

Feet. 

1. Fine-gnined, homoeeneous soil material; without pebbles, dark colored 

above, grading down to yellow below 4 

2. Clay, reddiah-brown, with pebbles and small bowlders of finite and gieen- 

Btone t;.. 8 
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3. Limeatone, much decayed, in Ikyere 1 to 4 inchee thick; numerous chert 

nodulea 5 

4. Chert J 

6. Limestone, crkioidal, coaree grained; layers 4 to 8 inches thick 4 

6. Limestone, crinoidal; with chert nodules 1 

7. Limestone, coarse, crinoidal; at places maHsive, at others weAlhering iuto 

layers 3 to 12 inches thick contaiuing numerous fossils 10 

An average sample of the limestone of the Osage group was analysed 
by George Steiger in the laboratory of the United States Geological 
Survey with the following results : 

Analyni of BvrHngton limetlone. 

SiHca (8iO^ 5.18 

Alumina (AljO,) ' I g~ 

Iron oxide {Fe^,)| 

Lime (CaO) 62.16 

Magnesia (MgO) 40 

Sul[Aiir trioside (80,) 00 

The beds outcropping at this point are thoroughly representative 
of the Umeetone of this formation. Greater thicknesses are exposed 
at other points, and the total thickness has been estimated to be 
about 250 feet. 

"bT. LOtne UMBNONB." 

The rocks to which the name "St. Louis hmestone" has been 
applied constitute one of the most widely distributed geologic divi- 
sions in Iowa. They rest on the Osage group and lie unconformably 
below the Des Moines group Gower jcoal measures). On account 
of their relation to the coal beds they have been carefully mapped 
and extensively studied. In central Iowa they include three minor 
divisions, which have been named by Bain, Fella beds, Verdi beds, 
and Springvale beds. The latter two are of small outcrop and are 
in general not of suitable composition for cement manufacture. 
The beds first named are more important, outcropping widely and 
being excellently adapted to cement manufacture. They fringe the 
productive coal measures on the east and occur within the general 
area of outcrop of the cool beds as scattered inliers resulting from 
the pronounced unconformity between the Des Moines group and 
the "St. Louis limestone" hills, which rise like islands above the 
lowest coal beds. 

In most places the Fella beds of Bain show an upper portion con- 
sisting of calcareous marl with some thin beds of limestone. This 
facies is ordinarily 8 to 10 feet thick. Below it are beds of fine- 
grained blue to gray limestone, breaking with clean conchoidat 
fracture, and commonly thin bedded. The rock is very rarely 

1 bvtodH mr IlOi or PiO( pnnnt. 
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magnesian, and the analysis quoted below is quite representative. 
The sample was taken by T. E. Savage from the Chilton quarry at 
Ottumwa, where the following section is exposed: 

Section »n ChUtvn quarry at Otluimai, Iowa. 

Font. 

1. Soil, finegrained, dark colored, pehblelens 1 

2. Clay, reddiah brown, with pebbles 3 

3. Sandotone, brown, iron atabied, moetly inroherent, but in placeH indurated 

(DeeMoinea) 10 

4. Shale, calcateona, weathering into small bits, very (oeailiterous 3 

5. Limestone, dense, finegrained, gray 2j 

6. Limestone, shaly, aaft, weathering readily; similar to No. 4 2 

7. Limestone, dense, finegrained, gray Ij 

8. ^ale, calcareous 3 

9. Limestone, hard, finegrained, gray, foasiliferouii 1( 

10. Limestone, dense, bluidi 1 

11. Limestone, dense, fine giatned, bluidi gray. In part manive, in part thin 

bedded, foesiliferous 4 

12. Limestone, hard, gray IJ 

13. Limestone, dense, gray IJ ■ 

An average sample of the limestone in the Chilton quarry was 
uialyzed in the laboratory of the United States Geological Survey 
by George Steiger with the following results: 

Analyntof'St. LouU limitlant" atOUumwa, Iowa. 

Silica (SiO,) 6.83 

Alumina (A!^)' 2.12 

Iron oxide (FejO,) • 54 

Lime(CaO) 49.54 

Magnesia (MgO) 07 

Sulphur trionidB (S0,> , 13 

Samples of limestone from Fella, Tracy, Oskaloosa, and Humboldt 
have abo been analyzed, with the following results: 

Anatf/ut of louia Hmtttona. 
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Analyses of limestone and interbedded shale from the mouth of 
Lizard Creek in Webster County were made by Lundtcigen with the 
following results: 

Analytii o/ lime^Umt* and AaU. 





C^Oi 


OSOl 




10.^ 
88.7S 

















A rement made from this material gave the following analyaia and 
on teat showed satisfactori' color, strength, and setting properties. 

Analytii of Fori Dodgt cement. 

SillmfSiO,) 25.52 

Alumina and iron oxide (Al,0,and Fe^j) 8.80 

Lime{rftO) 63.48 

Magneaifl (MgO) 1.19 

The material from the Pella exposures has been made up into a 
cement which has good color, is sound on glass, sets very quickly, 
and has satisfactory strength. The results of these testa, together 
with the fact that limestone of the same age and character is being 
extensively used at St. Louis, Mo,, makes it certain that the so-callod 
"St. Louis limestone" can be relied on to furnish the calcareous ele- 
ment wherever other conditions are favorable to the establishment of 
cement plants. 



The Des Moines group (lower coal measures) contains very little 
limestone. Its principal importance ii^ the present connection arises 
from the coal and clay which make up so large a portion of the group. 
The clays and shales are extensivfly used for brickmaking. They are 
available over wide areas and may prove of service in connection 
with limestones of the formations above and below. 

The following analyses are typical of these daj's: 
Analysri ofbrirt clay from Des Moinn group. 




1. Fort Dodge. 

2. Ufa Uoloes. C. O. Bates, aiulfst. 
J. Oitumwa, 3, B. Wrrmi, Biialjdt. 
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Near the middle of the Dee Moines group are strata which the Iowa 
geologists have named the Appanooee beds and which havo been 
mapped and discussed in connection with the report on Appanoose 
County. (See Pi. VX.) They include the Mystic or Cent«rville coal 
and certain associated shales and limestones. The latter are known 
locally, from tbeii relations to the coal, as the "Bottom rock," "Cap 
rock," "Thirteen-foot limestone," and "Fifty-foot limestone." The 
limestone bed is thin, usually from 4 to 6 feet in thickness, but near 
Rathbun and Clarkdale it reaches a thickness of 10 to 15 feet. It is 
a soft limestone, easily crushed, and because of its close association 
with clay and a very good coal bed is probably of value. Analyses 
show that it is practically free from magnesia and runs from 74 to 93 
per cent in calcium carbonate. The following analysis, by Lund- 
teigen, is representative: 

Analyti* of Fjfly-foot root, Raihhun. 

SiUca(.SiOi) 9.90 

Alumina (Al A) I 

Iron oxide (Fe A^ f 

Magneda (UgO) Trace, 

Lime carboiwte tCaCOa) 83.37 

UISSOUIU OROUP. 

Southwestern Iowa is underlain by rocks of the Missouri group 
(upper coal measures), which contains very little coal and consider- 
ably less sandstone than the Des Moines group (lower coal measures). 
The beds are mainly shales and limestones. The latter, being almost 
free from magnesia, in places somewhat earthy, generally free from 
chert, and easily ground, are well adapted to cement manufacture; 
indeed, beds stratigraphically equivalent are now in use at lola, Kana. 
The most important limestcine ties at the base of the group. In 
Madison County it includes four separate ledges, which vary in thick- 
ness from 10 to 25 feet and are separated by shale beds 10 to 20 feet 
ia thickness and in part calcareous. The rocks are quarried at 
several places, particularly at Earlham, Winterset, and Peru, and the 
same ledges have been recognized as far south as Decatur County, 
on the Missouri boundary. 

Analyses of individual ledges at Peru, made by Lundteigen, show 
a lime content ranging from 60.50 to 83 per cent. A cement mixture 
made from them gave 75.50 per cent CaCO,. At Earlham the follow- 
ing section was measured by T. E. Savage: 

Seriion of Robertson quarry. Earlham. 

Fl. tn. 

1. Soil, dark colored, fine grained, pebblelen 1 

2. Bowlder clay, reddish, with pebbles and quartzite fragmeots 1 (i 

3. Limestone, yellowish-rotored, 8o(t, ehaly; disint^iates readily 4 

4. Limestone, very hard, tight gray, Sne grained 7 

6. IJuestoDe, softer, with lem perfectly comniinut«l [osail fragmenta 2 
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Ft. In. 

6. Timeetone, hard, white, fine grained; separates in places into three or lout 

7. Shale, eoft, calcareous; weathers rapidly into fine bits 4 

8. Lime^nne, dense, gray, fine grained; foadl fragments abundant hut india- 

tinct 6 

9. Shale, gray (like No. 11) J J 

10. Limestone, hard, gray 2 

11. Shale, Boft 14 

12. Limestone, dense, fine grained, light gray; in places rnassive, again aepaiat- 

ing into tn-o layers of about equal thicVneas I 8 

13. Shale, soft, gray, very calcspeoua 6 

14. limestone, impure, grayish-yellow 2i 

15. Shale, soft, gray, calcareous , 7 

16. Limestone, hard, fine grained, light colored; imperfectly separated into 

three uneven layers 1 3 

17. Massive layer, separating in places into two uneven layers with shaly part- 

ings between them 1 4 

18. limestone, gray 1 3 

19. Limestone, gray 1 8 

An analysis of an arerage mixed sample of tlie limestone of the 

section, made in the laboratory of the United States Geological 
Survey by Qeorge Steiger, gave the following result: 

Analytit of Umettont at Earlham. 

Silica (SiO,) 10.92 

Alumina (Al A) ' 1-77 

Iron oxide (Fe,0,) 60 

Lime (CaO) 47. 66 

Magnesia (MgO) 76 

Sulphur Irioidde (SO,) None. 

The beds in the Missouri group above this basal limestone have not 
been as carefully studied hut are apparently similar in composition 
and character. The next higher limestone, which is well developed 
at Dekalb, yielded the following on partial analysis by J. B. Weems: 

AnalygU of HmeUone fmm Deiajh. 

Lime carbonate (CaCO,) 91. 96 

Magneeitim carbonate (MgCO,) 1.99 

Water (Hi^) 07 

SUUUARY. 

At many points in Iowa materials suitable for making cement 
are available. The marls are not known to be important and may 
never prove to be. Chalk found along Sioux River north of Sioux 
City is a soft, easy-grinding material and is a favorite among cement 
manufacturers. The advisability of establishing a plant in this dis- 
trict must be determined by consideration of manufacturing costs, 
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of market, and of transportatioa facilities. In regard to the lime- 
Btones the following general considerations are important. 

Much of Iowa is drift covered; within the broad areas underlain by 
the sereral limestones there are really comparatively few outcrops, 
and even where outcrops occur the overburden is in many places so 
thick as to entail prohibitive strippii^ costs. The best Bituations are 
in the valleys, generally where some important tributary joins the 
main stream. Fortunately many of the railway lines follow valley 
routes. 

The Platteville limestone (Ordovician) , which occurs in the drift- 
less area, generally outcrops in rather steep bluffs, a fact due to the 
resistant character of the Galena dolomite, which generally overlies 
it. As compared with the other limestones of the region, the Platte- 
ville is the most likely to carry magnesia in excess; but on the other 
hand it is practically free from chert, is often somewhat earthy in 
composition, and is intimately associated with shale. As already 
noted, the similar and approximately equivalent beds in the Lehigh 
district of Pennsylvania and New Jersey are a very important source 
of cement material. 

The Devonian limestones are in large measure free from both chert 
and magnesia, though outcrops in the northern part of the State need 
careful examination to make sure of the absence of the latter. As 
contrasted with both the Platteville and the Carboniferous lime- 
stones, they are in the main harder, a fact that to some extent influ- 
ences the coet of grinding. 

Of the Carboniferous limestones, the limestone of the Kinderhook 
group is in moat places too m^nesian and those of the Osage group 
too full of chert for easy use, though it is probable that some suitable 
material can be found in each group. The upper beds of the "St. 
Louis limeetone" and the limestones of the Missouri group are entirely 
suitable as regards composition, freedom from chert, and grinding 
qualities. Equivalent beds are now in use in Missouri and Kansas. 
These limestones are, furthermore, excellently situated as regards 
fuel and clay. The productive coal measures (Des Moines group) 
outcrop in a broad belt between the limestones of the Kinderhook 
and Osf^e groups, and in many sections the upper beds of the "St. 
Louis Umestone" and the shales of the Des Moines group also occur. 
Where the shales are absent, loess, such as is elsewhere used, is nearly 
everywhere present. 

ECONOMIC CONDmONfl. 



The coal minBS of the productive coal measurea ( Dee Moines group) 
are so situated as to afford cheap fuel to most of the limestone locali- 
ties. (See PL VI.) This ia important, since the fuel coat foims 
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approximately 30 per cent of the total coat of manufacture. low^a 
coal, though not of the highest grade, is still well adapted to cement 
manufacture. The following analyses, made at the Iowa State Col- 
lie of Agriculture,* indicate the approximate composition of a te-w 
of the beds: 

Analgtet o/ Iowa eoalt. 
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3. CmUrrllla Bknk Coal Co., I 



3. Cot«rCo»lCo.,Web»»«rCoiiiift! 

4. Dm kolncB C A H. Co^ Polk C- 

i. Wbltebmat FubI Co., Palnr, Ir. .. . 

g. Gwtnn CoslCa.^llbidj Wkpello Couuy. 



I., Polk County. 



In the above tables the Pocahontas coal is quoted for comparison. 
Ilhnois coals are noted because, in event of the Platteville limestone 
being used, coal would probably be drawn from IlUnoia rather than 
Iowa. Many additional analyses have been published.* 

TKAHBPOKTATIOS. 

There are several promising locaUties along the Mississippi where 
that river could be directly utilized for transportation and would, 
in addition, act as a r^ulstor of railway freight rates. The main 
railway lines of Iowa run either east and west or southeast and 
northwest, and much of the freight originating in the State, aside 
from agricultural products, moves to the north and west. 



Any cement plant established on the Atississippi would find a ready 
market to the north and west. Iowa itself affords a very consider- 
able market for cement, and an Iowa cement plant would have con- 
^erable advantage in reaching important and growing markets. 
Portland Mment materials in the district near Oubuqae. 
By E. F. BuRCHAHD. 

In the summer of 1905 a detailed geolt^c survey of the Lancaster 
quadrangle, lying mainly in Wisconsin and Iowa, was made by E. F. 
Burchard, J. R, Banister, and A. W, Lewis. During the survey par- 
ticular attention was given to certain natural resources of the district, 

> lows OMri. Sumy, vol, 13, 1903, p. 414. 

• Rapt. Iowa OeoL Surv«r, voL Z, IRM: aba, TbewutnTi Intnioruoa] OeM: Twtnty wcond Add. Itapk 
V. S. Oeol. fiurvoy, pt. 3, 1»02, pp. 333-388. 
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among them the beds of limestone and cl&j, with s view to ascer- 
taining their Talue for making Portland cement. The Iowa Geological 
Survey cooperated in the work by making chemical analyses of some 
of the materials collected. 

CHARACTBB OF HATEEIALS. 

The principal rocks exposed along Mississippi Kiver uid near the 
mouths of its tributaries between Dubuque, Iowa, and Cassville, 
Wis., together with their ages and essential features, are comprised 
in the following table : 

Rocke expoied north of Dwbiaiue, loma. 



Brrt,m. 




ChwKler. 


Tblc^ZK-. 


Q^ S- 




(I^«s 


"^X^ 




rOMena dolomite 








iPtotttj^e^j^e 














[prlri^dcChiB. group 


ChRtyDUgDtsiuUmestaiu 





A few miles back from the river the Maquoketa shale and Niagara 
limestone are present in the section, aboTe the Galena dolmite, but 
these rocks have no bearing on the present subject. The beds of par- 
ticular importance ere the limestone and shale of the PtatteTille, 
the basal Galena beds, and the residual clay and loess, all of which are 
exposed in the bluffs of the Mississippi River goige between Dubuque 
and Cassville. 

A generaUzed section of the Platteville includes the followii^ divi- 
sions: 

GtneraUiid stclioti of PlalUtille limetUyM. 

1. Limestone, jvincipally in thin beds, and shale 10-15 

2. Limestone, fine grained, brittle, and thin bedded 15-25 

3. Limestone, magneeifm, thick bedded 15-25 

4. Shale, bluish, sandy in places 1- 5 

41-70 

Nos. 1 and 2 contain the purest limestone, and in places part of No. 
3 contains less than 5 per cent of magnesium carbonate. The following 
table gives the stratigraphic details and the corresponding chemical 
analyses of the beds at two localities in Iowa. 
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Another section is as follows: 

Section of PlalUvUU and Galena limtMtona n. 



' WaupeUm, Iowa. 



Pt-fn. 

1. Limeatone, subcTyBUIIine, with caibonaceoua ahule paitinge 

(Galena) 12 

2. Shale 4 

3. LunMtoD«, similar to No. 1 I 5 

4. Shale, blue, includii^ 7 inches of thin limestone partings 6 3 

6. Limestone, heavy bedded 6 

The shale beds, exclusive of the limeBtone bands, comprising No. 4, 
at Waupeton, Ko. 2 of the section at Potosi station (see p. 372), and 
Nos, 2 and 3, at McCartney (see p. 373), were analyzed with results 
^ven below: 

Analytu of dude from upper divitian of PiattmlU limttUmt. 



[Aaaljtt. L. G. Ulcluel, AniM, Ian] 
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For cement manufacture all these shales should preferably carry 
higher percentages of silica and lees iron oxide in order that the ratio 

SiO. 
AIjOj + Fe,0, = —5-* should be more nearly approximated. The 

alumina and iron oxide together should not be greater than — «-*> 
and it is apparent from the above analyses that at Potosi station, as 
well as at Specht Ferry, their sum is greater than this. It is desir- 
able, therefore, both on account of the chemical composition and the 
relative thinness of the shale beds, that some other supply of silica 
and alumina should 'be at hand. It is possible that such a supply 
mi^t be obtained from the residual clay and loess at the top of the 
hills wherever these materials average rich in sOica and poor in lime. 
An idea of the composition of the clay and loess of the region can 
be had from the accompanying analyses. Though the samples of 
clay and loess were not taken from the same sections as the limestone 
and shale, there is an abimdance of this unconsolidated material 
above the Galena dolomite at each locality, and its composition is 
probably such as to make it important. 
ISSM"— Bull. 522—13 12 
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The materials available show that a cement manufactured in this 
district would be of the type made from a mixture of ordinary bard 
limestone and clay or shale. About 52 per cent of the Portland 
cement now made in the United States is of this type. Magneeium 
carbonate, the moat objectionable of impuritiBs in raw limestone 
materials, falls in these rocks well within the maximum allowable 
limits of 5 to 6 per cent. Certain of the limestone beds that are high 
in silica resemble very closely in composition the "cement rock" of 
the well-known Lehigh Portland cement district. 

The materials in this district would require very little preliminary 
drying. The Umestone is fairly uniform in texture, but it would 
need very thorough grinding. The shale, clay, and loess are lees 
refractory, and although the clay and loess carry a few chert or 
quartz pebbles, such objectionable material is not excesMve and 
could he removed by screening. 

The Dubuque district is, of course, not ideally situated with regard 
to fuel, but its distance from the Iowa coal field is not so great as 
the distance of certain successfully operated cement plants from 
their fuel base. A possible substitute, at least in part, for coal m^it 
be furnished by the great quantities of sawdust and slabs wasted 
by the several sash and door factories and other lumber mills at 
Dubuque. This fuel might be utilized in the kilns in the form of 
producer gas. 

UANU7ACTDBINO SITES. 

Along the greater part of the river front between these cities the 
bluffs rise steeply 60 to 100 feet above the flood plain and then 
slope more gently to a total height of 150 to 200 feet. On both 
sides of the river a railroatl runs close to tbe base of th« bluff. In 
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several lateral ravines and valleys large enough for mill sites the 
Platteville limestone ia favorably situated for quairying, so that 
the broken rock may be loaded into a mill by gravity. Five such 
localities were sectioned and sampled in detail. In the order of their 
distances from Dubuque they are as follows: (1) Near ZoUicoffer 
I^^ke, Peru Township, Iowa, in the SW. i sec. 23, T. 90 N., R. 2 E.; 
(2) at Specht Feiryj Iowa; (3) near Potosi Station, Wis., in the SE. J 
sec. i, T. 2 N., R. 3 W.; (4) about a mile above Waupeton, Iowa, 
in the NE. i sec. 25, T. 91 N., R. 1 W.j (6) near McCartney, Wis., 
in sec. 4, T. 2 N., R. 4 W. 

The trade territory for a cement plant would be confined to the 
region west, north, and northeast of Dubuque and would comprise 
lai^ parts of Iowa, Minnesota, and Wisconsin. A plant oesr 
Dubuque would at present have to meet competition from Mason 
City, Iowa; Hannibal, Mo.; and Dixon, 111. Dubuque has the advao- 
ta^s of cheap water transportation and of four direct rail lines to 
the north and might fairly be able to control the trade along the 
river up to and including St. Paul and MinneapoUs. 

MAPS AND OTHER PUBLICATIONS. 

Dubuque, Iowa, is on the south edge of the Lancaster quadrangle, 
which extends about 35 miles north from latitude 42" 30', and about 
9 miles east and 17 miles west from Dubuque. The United States 
Geological Survey has issued reports on this quadrangle.' 

Useful maps and discussions of the geology of the Dubuque district 
have been issued by the State surveys as follows: 
Calvik, Sahukl, and Bain, H. F., Geology of Dubuque County: Iowa Geol. Suivey, 

vol. 10, 1900, pp. 379-622. 
Brteb, S. W., Supplementary report on Portland cement materiala in Iowa: Bull. 

Iowa Geol. Survey No. 3, 1906, 36 pp. 
Grant, U. S., Report on the lead and zinc depoeits of aouthweetem Wieconain, with 

aUae: Bull. WiBConein Geol. and Nat. Hist. Survey No. 14, 1906, 100 pp. 

PORTLAND CBKBNT raSUSTBT IM IOWA. 

Three Portland cement plants were operating in Iowa in 1911. At 
Mason City the Northwestern States Portlwid Cement Co, has for 
several years been utilizing the Cedar Valley limestone of the Middle 
Devonian and the Ijime Creek shales of the Upper Devonian. 

The Iowa Portland Cement Co. at Des Moines began manufactur- 
ing cement in 1910, utilizing limestone and shale from the Missouri 
group of the Pennsylvanian. The Leh^h Portland Cement Co. 
recently completed a plant at Mason City, where materials similar 
to those of the Northwestern States plant are used. The Iowa 
plants bum their cement with coal. 

'Orut, u. S.,aiidBanbard, E. F,,l.diicut«i-Mlneral Point fCillo (No. 14t), 0«ol. Atlas U. 8, U. 8. 
'^oii- BurvBy, IIOT, pricQ 15 csnU. The lopognphlc miipa aie ilGaiEaued aepuslflr and sold (orlOoeots 
each, BuTchsrd, E. F., FocUmd samoit matariato mar Dnboqna, lows: BulL V. B. Qeol. Survaf No. 
W*. M07, pp. 32J-3U. 
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FORTIiAND CEMENT RESOURCES OP KANSAS. 
FOBTUUVD CXKEHT ItATBBIALS. 

SUBDIVtSIONH. I 

Thfl limestones available for Portland cement use in Kansas belong ' 
to (1) the Missiasippian series, (2) the Fennsylvanlan series ("Coai ; 
Measures"), (3) the Fenniau series, and (4) the Cretaceous sjstenL ' 
Of the four the Pennsylvanian limestones are at present of the great- ' 
est importance in the cement industry, and plants using them fur- . 
nish practically all the Kansas output. The chalky limestones and I 
chalks of the Cretaceous system are also very satisfactory and would I 
become of industrial importance if they were located nearer to mar- i 
kets and to fuel. The limestones of the Fermiau series are not of 
much importance at present and offer little hope for the future, j 
Those of the KIiRsissippian series may become of industrial interest ; 
later. (See Pi. VII.) j 

MISSISSIPPIAN ("lower CARBONIFEROUS") UME8TONES. 

Missiesippian rocks occur in Kansas in only the extreme southeast 
comer, where they cover about 30 square miles in Cherokee County. 
The series is made up of hmestones, with interbedded cherts, an<l s 
few beds of shale. Most of the limestones are heavily bedded and 
low in magnesia. 

The limestone quarries in the Mississippian rocks are described by 
Haworth as follows: • 

In the anuUieaatem part of the State a Email amount of quarrying is done in the 
eub-CarboniferouH limeetone at and near Galena. This limestone )e a hi^ly ciyslal- 
line one, very compact in character, light blue in color, and occurs in heavy layere, 
so that large dimension stone could be obtained from it were the quarriee operated (o' 
that purpose. It is the same rock in every respect, both as to geologic age and general 
character, that is bo extensively quarried at Carthage and other paints in Miamiji. | 
From the Carthage quarries many Ihousands of dollarx' worth of stone are shipped > 
into Kansas, all of which might be supplied from the Kanms stone it quarries were 
worked as extensively as might be done. The quarries at Galena are operated If 
supply local demand, and that only for foundation material in buildings, althoi^ 
considerable dimension stone is tliipped from (Wthage into Galena for the Isis^ i 
buildings. ! 

Years ago this same stene was quarried at Galena, at Lowell, and elsewhere for the j 
production of lime. It is so abundant in quantity and so easily acceraible stong the i 
hillsides that it is a great wonder more limekilns are not in operation. The sunt 
rock is quarried at difierent places in Missouri and burnt into lime, producing I'o'^ : 
of a good quality, but no better than might be obtained from Kansas quarries. 

I Hawialh, Eramnm, Ann. Bull. UlnerK) Reaourcc} at Eaiuu tor Ig97-W, pp. T3-74. 
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■ Probably fROMOu). 

1. Quwry on Sbort Cntk, near Sprlnc River, Tbtrokec rounty. I,. Q. GaUns, analyil. Bull. U.S. 
](Ol. Barrey No. 7S,p. Ui. 

2. Qateoa, Chenikee County. Klnenl RcaoiiirM ot Kansas. 1897. p. 78. 

PENNSTLTANIAN ("COAL UBABITBBS") LUIEBTONES AND SHALES. 

The Penni^lTBiiian rocks of Kansas cover the counties of the 
tliree eastern tiers and part of the fourth tier. Though made up 
mostly of shales and s^dstones, the series includes a number of 
beds of limestone, which are of importance as Portland cement 
msteriala because of their customary purity and because of their 
pronmity to satisfactory shales, to transportation routes, and, 
above all, to natural-gas fields. 

Ha worth describes the Femisylvanian limestones as follows: ' 

To the northwmt ot Cherokee County many local quarries in heavy limeatone 
formncunu have been operated, eome ot which are atill operated in an irregular 
manner. The most esteiudve ot these ia the quarry at lola, which has produced 
lotge quantities ot dimension stone and eawod flagstone for local trade and for diip- 
meut to other poinU. The limestooe at lola exists in a layer nearly 40 teet thick, 
from which dimension blocks of any size or proportion desirable can be obtained. 

Still brtfaer to the northwest the next quarries are thone along the bainks of the 
Kanaas River west of Kanaas City, from which large quantities oF alone are taJcen for 
ballast and tor macadamizing streets. Near Kansas City a deposit of fragmentary 
material exists, fiom which large quantities have been ^pped for m airing eidewalka, 
DUcadamizing streets, and similar purposes. 

Other placee furnish quantities of stone, the output of which would be greatly 
increased if the demand were sufficient to justify the extensive operation of quarries. 
Generally, however, it is principally a local demand, for which no statiatios can be 
gathered, but which in the aggregate amounts to many thousands of dollars. 

Still farther west a limestaoe exists which is remarkable in many of ita jstqwetiM, 
permitting it to be succeeafuUy quarried for all kinda of dimension stoue wherever 
it comee to the surface. It is known commercially as the Cottonwood Palls lime- 
stone, because such large quantities have been shipped from Cottonwood Falls and 
Strong City to so many points within and without the State. The same rock has 
been quarried at a dozen or more places to the north of Cottonwood Falls, such aa 
^^Bkridge, Alma, Manhattan, Baattie, and a number of other places. This limestone 
ia not very thick, averaging from 5 to 8 feet, and geuerally consists of two individual 
layers, known in the markets as the "upper" and the "lower." The rock from the 
two layers differs slightly in quality, the lower one generally producing the beet 
stone. Ita most valuable [woperties are two— almost perfect uniformity of texture 
throughout, and the absence ot vertical fissures. It is white or light cream in color, 

I Op. di., pp. 74-7S,n-l& 
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fin« and noncryatalliDe in texture, and well filled with the little rice-grain-like 
iavertebrate fossil, Fumlina eyiindrim. The color is so uniform that when the stone 
is placed in a building the general color eflect is very pleasing and sadafactory . The 
absence ot vertical fiaeuies and the unifonnity of texture throughout make it poaBible 
to obtain dimension blocks of any size desired, which can be worked with perfect 
uniformity. These qualities make it by all odds the most desirable and therefore 
the most extensively used stone in the Stat«. Lugo buildings are erected from it 
entirely, and many others partly constructed from the same rock. The diSerent 
quarries, so widely separated, ma^e it possible for a large conununity to use it with- 
out paying excessive freight. 

From this Cottonwood Falls limestone the following important buildinge are con- 
structed: Snow Hall, ^d the stone trimmings of the main building, University of 
Kansas, Lawrence; the Methodist Episcopal Church, lAwreuce; the Rock Island 
depot, Topeka; (be Santa Fe depots at Ottawa, Wellington, and elsewhere; and a 
number of other depot buildings along tbe lines of the different railways in Kansas. 

In addition to the above-mentioned uses, the different railroads in the State use 
the Cottonwood Falls limeetone for bridge building and other construction purpoeea. 
This is true to bo great an extent that many thousands of dollars ' worth of dimension 
stone are annually supplied the different Kansas lines for use in this State and else- 
where, much of it being shipped outside of the State. 

Anafyui o/ Ptnntylvanian linutUmafrom Katua*. 
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The "Wilson" formatioD (PennBylTODiaii), as described in the 
Independence folio and other reports on southeastern Kansas, com- 
priseB in descending order the following members: Stanton ("Piqua") 
limestone, Vilas shale, Plattsbui^ ("AUen") limestone, Lane ("Oon- 
creto") shale, lola limestone, and Chanute shale (in part). The 
Stanton and Plattsburg ("Allen") limestones are used in Portland 
cement manufacture. 

Sufficient chemical examinations have been made in different 
localities to show that the "Allen" limestone retains a uniform 
chemical composition wherever found in the northern part of the 
Independence quadrangle. It is exposed principally near the middle 
of the northern edge of the quadrangle, between Neodesha and Fre- 
donia, mainly in the scarps of Verdigris and Fall rivers. Along Fall 
River it outcrops in a belt about one-half mile in maximum width on 
either side. 

At the west base of Table Mound, on the bank of Elk Siver, near 
the plant of the United Kansas Cement Co., the section of the useful 
rocks exposed consists of 45 feet of pure crystalline Stanton lime- 
stone overlying an 80-foot bed of Vilas shale, which in turn rest^ 
upon a 5-foot bed of "Allen" limestone underlain by 40 feet or 
more of I^ane ("Concrete") shale. The Stanton probably represents 
the most important and abundant Portland cement limestone in the 
Independence quadrangle. It crops out over about 140 square 
miles, extending from Table Mound westward to Elk and from Elk 
River northward beyond the limits of the quadrangle. Throughout 
this area, particularly along its eastern edge, where the Stanton caps 
the scarp of Fall and Verdigris rivers, it is easily available and in 
most places can be handled by gravity. Both the Stanton and the 
lola limestones are remarkably persistent over wide areas in the 
State, and they are everywhere likely to be suitable for making Port- 
land cement. 

Specimens of Stanton limestone taken at a number of places north- 
west of the Independence quadrangle have been analyzed with the 
following results : 
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As is generally the case, the shales used at Independence and 
Neod^ha are more variable than the limestones. In places they 
change rapidly in character, principally by a variation in tiie quantity 
of sand present. The calcium carbonate also is exceedingly variable, 
ranging from almost 20 per cent down to a very small quantity. 
Everywhere, however, the proportions of magnesia and of the alkalies 
remain fairly constant, and nowhere has an excessive amount of 
magnesia been foimd. The following are analyses of shale from dif- 
ferent localities in Montgomery and adjacent counties: 
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Permian rocks occur west of the Fennsylvanian aeries and include 
a few beds of limestone, which are described briefly by Haworth:' 

A tew hundred feet above tite Cottonwood F&lle limeetone are heavy beds of the 
Permian limefltone, vhich are usually filled with flint nodulea. These soft Permian 
limestones, carrying so much flint, are very serviceable for railroad ballast and are 
extensively quarried and crushed for this purpose at difterent places. The quarry 
near Strong City baa probably yielded more ballast of this kind than any other one 
in the State, but extensive quarries are operated faithar west aloi^ the Santa Fe at 
Florence and near Harion, and along the Rock lelaod at different points, all of which 
produce practically the same kiud of stone. 

Analyta of Permian lijMitotutfirom Kantas. 



Lime carbooats (CaCOi) . 
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1. Bull. Hloenl Raaunea Ktnm, 18W, p. 77. 



S. Ceidbrldgs, Covlej Count;. Idem, p. 78. 

^. fi|lv<fd»£, Covla; County. C. Callett, uialysl. Bull. U. S. OeoJ. Burrsy No. B4, p. 46. 

5. WlDfleld, Cowie; CouDty, Ann. Bull. Ulneiel Rasourcee Kansas, 1898, p. 77. 

6. Uarlm Comty. Idom. 



CRETACEOUS LIMESTONES. 



The chalk and chalky limestones of the Cretaceous are as promising 
in western Kansas as in Arkansas and Texas but are handicapped by 



UfarUn, U88,p.n. 



their remoteness from fuel and from cement markets. Haworth 
describes the limestones as follows : ' 

In the central tmd vest centrat pvl of the SUt« the CretaceouB limeetoDee h&ve 
been quarried to & great extent. • • * They are generally Bpoken of locally as 
magneaian limeetone, altlkough such a tenn is entirely miaapplied. A belt of country 
atratcheaacroaB the State, by wayof Betoitaod Rueeell, throughout which a Sue layer 
of limeetone is quairied and l»«ken into pieces suitable for fence posts. Travelere 
passing from east to west along almost any railroad line in the State can notice large 
fields and paatures fenced entirely by fastening the wire fencing to these stone posts, 
which are set in the ground similar to the way common wooden posts are used in ordi- 
nary fencing. The Cretaceous limestones also serve many structural purposes in all 
of the cities and villages within the Cretaceous area. The rock is so soft it can easily 
be nwed into blocks and worked with chisel and hammer much more rapidly than 
ordinary limestone. This, added to ileproperly of materially hardening after quarried, 
greatly increasee its value. None of it is what would be called a fitet-cks building 
material, yet it is capable of being used in many ways and furnishes a convenient and 
durable structural material for that part of the State, which prevents other stone from 
being shipped in. Here, as elsewhere, local demands are not so great now as they 
formerly were, but every year thousands of dollars' worth of the rock are quarried and 
vised for various purposes, principally for supplying fence posts. 

Awdyta of Cretaeeoua HmttUmtt from Katuaa. 
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in Count;. Idem, 
POBTLAim CEMENT IHSTTSTBY IN KANSAS. 
By E. F. BuBCHAED. 

Eansas ranks fourth among the States as a producer of Portland 
cement, being exceeded in importance by Pennsylvania, Indiana, 
and California. In 1911 its production amounted to 4,871,903 bar- 
rels, valued at 13,725,108. This production came from 12 plants, 
all of which use a mixture of Carboniferous limestone and shale. 
By far the greater part of this production comes from southeastern 
Kansas, the remainder coming from plants in the vicinity of Kansas 
City and from one plant at Yocemento in west-central Kansas. 

The materials used at all these plants are very satisfactory, but 
their strongeet recommendation is their convenient location with 
respect io each other and to fuel supplies. The chief factor in the 
rapid growth of the Kansas cement industry was the very cheap and 
abundant supply of natural gas available for fuel, so that both burn- 
ing and power cost ran much lower than in Eastern cement plants. 

>Am. BuU. MIoeniRcsaurocsKaiuaalar 18S7-M,[V.7S-76. 
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This fuel supply has probably now passed its maximum, and its cost 
will figure more largely in the expenses of Kansas cement plants in 
the future. 

Cement making in Kansas is principally centered around lola, 
where the lola Portland Cement Co. and the United Kansas Portland 
Cement Co. were the first to begin to manufacture Portland cement 
in the State. The material used is the Tola hmestone (see ]». 183) 
mixed with a contiguous Pennsylvanion shale. 

The composition of the raw materials used at the plants of the 
lola and United Kansas Portland Cement companies is shown by 
the following representative analyses: 
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Irom lob, Kuis. B. K. BUktt,aiml]>tt. Bull. U. S. Oeol. Surm; No. 78, Uei.p. 1». 
UMd hy Ibht Porthuid Cannot Co. 
by tola Portland Cemmit Co. 
_ used b; XawB* Pomand CenwDt Co. 
^ ^—..^ u^nd by KiDsu ParHaud Cement Co. 

The plant of the Western States Portland Cement Co., IJ miies 
southeast of Independence, near the mouth of Rock Creek and Ver- 
digris River, is built on the Drum limestone, which underlies the 
Chanute shale. This limestone here attains a thickness of nearly 
100 feet and outcrops over an area of several square miles. It is 
massive or heavy bedded, semicrystalline, medium to coarse grained, 
and fossiliferous. Analyses show it to be a very pure lime carbonate. 
Shale overlies the limestone, but in practice it has been found more 
advantageous to use a Quaternary clay from the adjacent flood-plaiu 
of Verdigris River, rather than the shale. Fuel is obtained from the 
near-by gas wella and water from Verdigris River. The plant uses 
the dry process and has a capacity of 2,500 barrels a day. It is run 
by electric motors driven by steam power generated by gas. The 
company holds leases on about 1,200 acres of gas land and obtained 
at first an abundant supply of gas from five good wells that produced 
16,000,000 to 20,000,000 cubic feet in 24 hours. The plant is con- 
nected with the Missouri Pacific Railway by 3 miles of branch line. 

At Neodesha the plant of the United Kansas Portland Cement Co., 
which has been idle for two or three years, used the Plattsbuig 
("Allen") limestone, which caps the hill known as Little Bear Mound 
about a mile northwest of town, where it has been found to have a 
thickness of 55 to 70 feet. Suitable shale is present underneath the 
limestone, and both oil and gas for fuel are available. 
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Analyses of thp limestone and shale at N«>desha are as follows : 
Analgia ofeematl mattriaU at Ntodedm, Kan*. 
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Th(! United Kansas Portland Cement Co. operates another plant 
at the west base of Table Mound, on Elk River. (See p. 183 for 
analysis of the Stanton limestone used.) 

West of Chanute the Stanton limestone is utilized in another plant. 

The gradual decline in the productivity of the lola and other nat- 
ural-gas fields of southeastern Kansas has slightly reduced the eager- 
ness of cement manufacturers and promoters to estahlish new plants 
in that section of the State. The plant of the Bonner Brand Portland 
Cement Co. at Bonner Springs, which uses Carhoniferous limeetone 
and shale, and the plant of the United States Portland Cement Co. 
at Yocemento, which uses Cretaceous limestone and shale, are the only 
Kansas plants not in the gas belt. In 1912 most of the plants began 
installing coal humera. 

BIBLIOaBAFE?. 

The following brief list contains the titles of some of the more im- 
portant pubUcations dealing with the Portland cement materials of 
Kansas. Much additional information is contained in the reports of 
the Kansas Geological Survey. 
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Adahs, G. I., and othera, Stratigraphy and paleontology ot the upper CarboniFeroua 

rocka of the Kaiibm section: Bull. U. S. Geo). Survey No. 211, 1903, p. 123. 
-■■ ■ ■ Economic geology of Uie lola quadrangle. Kanaae: Bull. U. S. Geol. Survey 

No. 238. 1904. p. 83. 
ScHRADBR. F. C, Independence folio (No. 1591, Oeol. Atlas U. S., U. S. fieol. Sur- 
vey, 1908. 
ScHRADBR, F. €., and Hawoeth, E., Economic geology of the Independence quad- 
rangle, KanBttfl: Bull. U. S. Geol. Survey No. 29C, 1906. p. 74. 

PORTLAND CEMENT RESOURCES OP KENTUCKY.' 
PORTLAND CXKEirT KATESIAXJB. 

SUBDIVISIONS. 

Limestones prevailingly low in m^nesia and otherwise satisfactory 
as cement materials occur in Kentucky in four different geologic 
divisions (PI. VIII), as follows, beginning with the oldest: 
OrdoviciaD timestciMs of Trenton and Stones River age (Highbridge, Lexington, and 

Winchester limestonee). 

It maucfala th> wrlur lalqdeblcd ta E. O. 
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Ordovician limeatonee of Cincinn&tUn age (Winchmter, Haysville, and Bidunond 

formations). 
Mieuaappian (" Lowei Carboniferaus") limeetoneB. 
PeDiuylvauian ("Coal Meaeurefl") limeetonea. 

LllfBSTONES OF TBBNTON AND STONES BITEB AOB. 

The limestones of Trenton and Stones River age are represented by 
the Highbridge, Lexington, and Winchester hmestones as mapped 
in publications of United States Geolo^cal Survey. These fonna- 
tiona occupy much of the counties of Franklin, Scott, Bourbon, 
Woodford, Fayette, Jessamine, and smaller portions of Boyle, Clark, 
Mercer, Owen, Henry, and Anderson. They are generally low in 
magnesia and high in lime carbonate, the latter commonly ranging 
from 90 to 95 per cent. They represent a combined thickness of about 
700 feet of solid, chiefly nonmagneaian limestone. The magnesian 
beds are practically confined to the lower 400 feet and probably do not 
reach an a^r^ate thickness of 150 feet. According to E. O. Ulrich 
the Highbridge limestone is of Stones River and Black River age, the 
Lexington limestone is of Trenton age, and the Winchester limestone 
is of Trenton age in the lower part and of Cincinnatian age in the 
upper part. 

The following table gives analyses of limestones of Trenton age in 
Kentucky.' 

Analyiea of limalorui of TrenUm age in Kentuetg. 
|R. Pater, aiulyit.] 
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1. Clark CouDty. 

a, Fay»tle Counly. 

3. Fsyelte County. 

4. Franklin County. 

5. Franklin County. 



:. Woodlotd County. 
i. Fayette County. 

). Woodlord County. 



At Mentor a shaly limestone of Trenton age outcrops in a narrow 
strip along the Ohio River in Kenton and Campbell counties. Below 
Ludlow the same limestone (100 feet thick) caps the hills, overiying 
the Eden shale, which forms the slope of the hills, to a height of 250 feet 
or more. The limestone of Trenton age runs higher in silica along 
Ohio River than in central Kentucky, but the magnesium carbonate 
is generally less than 2 per cent. 

> GmI. Suivty Kmtucky, Kept, A, vol. 2, 1885, pp. 133-m. 
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CINCINNATtAN (UPPBB OBDOVIOUN) LIMESTONES. 

The uhales and limestonea which make up the Cinciimatian series 
in Kentucky occupy most of the north-central portion of the State. 
They consist of dark-blue, argillaceouB, thin-bedded limestones, with 
many interbedded shale layers. The limestones are generally satis- 
factory for cement materials. Many of the shales are sandy in the 
south and west, but it is probable that even there careful search 
would diaclose shale beds of satisfactory composition. Four forma- 
tions are represented — the Winchester limestone and Eden shale at 
the base, the Maysville formation in the middle, and the Richmond 
formation at the top. 

North of a line connecting Madison, Ind., and Maysvillo, Ky., these 
limestones are pure and the shales are calcareous and nowhere 
arenaceous. Southward from this line both the ehalea and the 
limestones, particularly those in the middle of the series, gradually 
grow more and more sandy. Along Cumberland River (in southern 
Kentucky) practically the whole series is represented by a fine- 
grained sandstone, called by Shaler the Cumberland sandstone. 

The following analyses are of limestones from the Cincinnatian 
series from Kentucky.' 



Analyses a/ liinatona frttm Cindnnatian n 
[R, PclfT, uulyit.] 



!, Ktntutky. 





> 


0.38 
S,M 
S7.9S 

:34 


3 


< 


6 


" 


2.34 
88. m 


s 


•9 


10 


™^ 


(iiii 


X9t 


1.03 
W.20 

:t9 


1.89 
.M 

l.W 


82.66 




3.58 












UnwearbonatcCCaCQi) 


M.M 






fli5i.Sirioxhi.(a(i)::::::: 





1. Huon CoDntf . 9. FrankUn Counlf. 

I. UasoD CouDt;. 7. UcnvrCountf. 

3. Kuan Goim^. 8. Nlctiolae Count; . 

4. Aodenou County. 9. Owen Coiuitr. 

I. Bourbon County. la. Woodford County. 

Except 5 and 10, which are uncommonly pure for their respective 
localities, and 9, which is nearly normal for the northern part of the 
Cincinnatian outcrop, all these analyses illustrate the increase in 
siUca southward. In the central counties north of the Maysville- 
Madison line the limestones contain vjery little silica and agree 
closely with those in southwestern Ohio. 

uiesissippiAN ("loweb cabbonifebous") limestones. 

The Mississippian limestones are commonly tow in magnesia ; and in 

moat of the area covered by them in Kentucky they are high in 



> a«ol. Sorvejr Kautucky, Kept. A, toL 2, 18gS, p. U3, 
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lime carbonate. Toward the Tennessee-Kentucky State line, hov^- 
ever, interbedded layers of chert become more and more common, 
until the lower part of the series hecomea too siliceous to be of much 
promise as a source of Portland cement materials. 

The lower Mississippian sandstone (see PI. VIII) lies on the east 
side of the Cincinnati axis and north of Jackson County, Ky. South 
of Jackson County and west of the Cincinnati axis the equivalent 
strata consist, in central Kentucky, principally of shale, in which 
may occur considerable beds of siliceous limestone, and in west 
Kentucky and middle Tennessee, principally of siliceous limestone, 
with more or less shale in the lower part. 

In the Mississippian series two beds, both oolitic, are important as 
future sources of Portland cement material. The first, which under- 
lies the St. Louis limestone and is equivalent to the Spergen lime- 
stone of Indiana, forms a generally broad strip passing through 
Meade, Hardin, Larue, Barren, Warren, Todd, Christian, and Trii^ 
counties. The second, the Sto. Genevieve limestone, is limited to 
Christian, Caldwell, Crittenden, and Livingston counties, in western 
Kentucky. Between the first strip and the border of the western 
Kentucky coal field there is first a broad strip of St. Louis limestone, 
which is usually too siliceous and too magnesian for use in making 
Portland cement, and then, near or just outside of the coal field, the 
Chester group, which contains several beds of apparently promis- 
ing limestone closely associated with beds of shale. 

No good limestones occur in wesfc-central Tennessee, except in 
Montgomery and Robertson counties, where the lower oolite is 
present. However, the St. Louis limestone here, as also in Kentucky, 
contains many beds of only slightly siliceous and probably nonmag- 
nesian limestone. 

Of the analyses below, Noa. 1 and 7 are Spei^en limestone, 
Nos, 3, 5, and 6 St. Louis limestone, and Noa. 2, 4, and 8 limestones 
of the Chester group, though the last is extraordinarily pure for a 
limestone of that group. 

Analytet of uppa- Mitttuippian li-maUmafrom Kentueiy. 

[R. FBtri, uial^t.) 
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1. OlufiDir Jnnctlon, Bunm Coonty. 
Z. Bum] River, Bauer Countj. 

3. Iron Hllb rurows, Carter Coontr. 

4. OnTBcm County. 



es 1 to T IroiD Owl. Sumy Eentncky, Rap*. A, vol. 2, ISS5, 
1. RepC U. B. Gaol. Buive;, pt. S (omtliiiMcl), ISM, p. GV. 



LOUISUNA. 191 

PENNBYLTANUN ("COAL HBABURBS ") LIHB8TONES. 

A number of limestone beds occur interbedded with the Pennsyl- 
vanian shales and sandstones. These limestones are usually low in 
magnesia but rarely carry more than 80 to 90 per cent of lime car- 
bonate. They are so thin, compared with the thick Missisaippian lime- 
stones, that they would be of but little importance if it were not for 
their advantageous location near supplies of fuel. 

The following analyses • are of Pennsylvanian limestones from 
Kentucky: 

Aitatysu of PenTuylvanian limetUmtM from Kentucky. 
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PORTLAim OBHBNT INCtTSTBT IK EEHTtTCET. 

Though the establishment in Kentucky of numerous Portland 
cement plants has been discussed only one plant has so far been 
actually built. It is located at Kosmoadale near Louisville and is 
operated by the Kosmos Portland Cement Co. It uses a mixture 
of limestone and clay. 

PORTLAND CEMENT RESOURCES OF IiOXTISIANA. 

The great chalk formations, which seem destined to be such impor- 
tant sources of Portland cement material in the neighboring States of 
Texas, Arkansas, Mississippi, and Alabama, occur in Ijouisiana only in 
small isc^ated outcrops. The State is practically devoid of limestone 
and hardly to be considered as a possible future producer of Portland 
cement. The few limestone outcrops that appear witliin its limits 
are described below: ' 

The beds of limestone eeem to be almost entirely confined to tJie Cret«ceoUB. Of 
die three outcrops which occur in the State, the Winolield limestone is of very doubt- 
ful value as a building stone, but the Coochie Brake and Bayou Chicot deposits may 
he utilized tor that purpose. 

The Wimifield limestone is a highly crystallized blue and white banded stone. It 
'f lull of cracks and pockets and other flaws, which will render it useleea as an oma- 
mental or building stone. It can doubttese be used to advantage for mailing lime. 



> AntlTKi 1 to 4 (bT R. Petot) Irom fl 
bjl.l 



I. Survey KsDtucky, Rapt. A 
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The qiumtity of the atone in sight is large and it can be very economically quarried. 
Several kilns of lime have already been burned here for local use. 
The purity of the stone is shown by the foUowing analysis by W, F, Hillebrand; ' 

Analyttt of limalone/rom Winnfield, La. 

Silica (SiOj) a 65 

Alumina (Al^,) Trace. 

Iron oxide (FftjO,) Tnce. 

Lime{CaO) 55.01 

Magnesia (%0) 60 

Sulphur trioxide (SO,) 27 

Carbon dioxide f COj) 43. 43 

Water 13 

The Coochie Brake stone is a light-yellow or bluish-yellow, coarse-grained, sandy 
limestone. It is of excellent quality for building purpoees, but its value ie somewhat 
impaired by the presence of small nodulea of iron pyrites. These will reetrict ita 
use to situations where a good external appearance is not one of the qualities required 
of the stone. The pyrite, it the quantity proves to be large, may destroy ita value 
altogether. The quantity of stone at this locality is large, and it is easily obtained. 
The Bayou Chicot ntone is t}ie best for building that we have seen in the State. 
It is a fine-grained dark-gray limestone. Only two very small outcrops of it were 
seen, and from these no very satisfactory ideas of the eitont of the deposit could be 
gained. In the two outcrops the dip is very great, and the ccet of uncovering the 
Btone would probably be large. Borings are needed to show the depth of the deposit. 
In the early history of the country lime was made at this place. The ruins d the 
old limekilns are to be seen near the larger outcrop. 

Many of the Tertiary limestone concretions are large and have been used locally lor 
the foundations of bouses. At Shreveport large calcareous concretions are crushed 
and used on the streets and in concreto work. Hopkins reports a place 5 miles from 
Natchitoches, called the KUns, where Urge concretions have been burned for lime. 
At Rocky Spring Church lime was burned from a little outcrop of Midway lime- 
stone for the masonry of Fort Jessup. 
The followii^ analyda was made by R. B. Riggs:' 



tymt of litiutlone/rom Hayborn's sail Ikl, BienviUe Parith, La. 

a55 

1.61 



Silica (SiO,) a 

Alumina (AIiOj) 

Iron oxide (FojO,) 

Lime (CaO) 64. 00 

Magneeia (MgO) 06 

Sulphur trioxide (SO.) 05 

Carbon dioxide (COj) 44. 12 

PORTLAND CEMENT RESOURCES OF MAINE. 

FOB,TI.Ain> OBHENT MATEBIALS. 

OENEBAL FEATUBES. 

Numerous areas of limestone, of more or less importance as to 
extent and thickness, occur in Maine; and many of these would 
yield stone which coidd be used satisfactorily as Portland cement 
material, so far as composition alone is concerned. In spite of this 

■ Bull U. S. Oaol. Sumjr No. 80, 1S8D, p. IM. • BolL V. S. Owl. Bumj No. ie«, IMS, p. 2SS, 
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fact, however, few of the depoaits are worthy of serious conBideration. 
Most of them are far from fuet supplies and from cement markets, 
and the transportation question is particularly serious in a State 
having BO low a railroad mileage as Maine. 

Geolc^c mapping of the interior of the State has not progressed 
sufficiently to give even a fairly accurate map or description of the 
limestones of the entire State, and few satisfactory analyses are avail- 
able. On the o^er hand, very complete data are fortunately avilable 
on the only area in Maine which seems to be really promising. 

Under present conditions as to fuel supply and transportation, it 
is practically certain that the only limestones in Maine on which a 
Portland cement industry can be based are those which outcrop 
along or near the Atlantic coast. Of these by far the most promising 
u*e the limestones now so extensively utilized for lime burning in the 
Rockland-Rockport region of Knox Coimty. These deposits will 
therefore be described in some detail, after which analyses of scat- [ 
\&Kd limestones from other sections of the State will be presented. 

LDfZSTONES AND OI.ATS OF THE KOOKLAND-BOOSFOBT BEOION. 

The limestone deposits of the Rockland-Rockport area are lai^ \ 
compared with other Maine depoaits and are situated on or near ' 
deep water. They have long been utilized in the lime industry end 
have at intervals attracted attention as possible sources of Portland ■. 
cement material. 

In a recent report,' to which reference should be made for detfula 
additional to those given in the present bulletin, Bastin describes 
the areal distribution of these limestones as follows: 

The limeatone areas form, in general, long, narrow, somewhat Irregular strips 
trending northeast and scnithweat and surrounded by quartz rocks and achists. The 
latest continuous area extends from Chickawaka Pond, 2 miles north of Rockland, 
in a Bouthwesterly direction somewhat over 6 miles to Thomaston, where its souths 
emmost expoeuree are Men in the yard of the Stat« prison. In some places this belt 
has a width of nearly a mile, although all of the rock is not of commercial quality. 
T^e second largest deposit extends from the east shore of Rockport Harbor, near the 
Benry cottage, northward to Lily Fond, and thence assumes a more westerly trend; 
it takes in the Jacobs quany on the troUey road between Rockport and Camden 
and extends to the west of this road for a little over a mile. After a short interrup- 
tion the same belt appears again just west of Simontons Comers, where it includes 
the Eells quarry. Next in commercial importance is the deposit occurring 2 miles 
northwestof the village of Warren; this deposit.was not mapped in detail, but enough 
was learned of it to show that it was relatively small and that its trend was similar 
to that of most of the other arew. Several narrow belts occur between the Warren 
deposits and Alford Lake, but none of these ate now worked. Southweot of Rock* 
land there are several narrow belts nearly puallel to the main limestone belt. On 
the easternmost of these belts is located the pulp-rock quany, now being operated 
by Mr. S. P. Dunton for the HcLoon & Stover Lime Go. 

■ Butln. E. S.. Tha lima IndtBtrT of Knoi Coonty, tUtoK Boll. U. 8. 0«d. Bum? No. 3U, OOt, 

pli.3»»-«0. 

48834=— Bull. 522—13 13 
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All the limestones of the district &re highly crystalline. In com- 
position they include two quite distinct types of stone. One typo 
is high in m^nesia, in many places approaching dolomite, and 
the other is charactemtically very low in magnesia, in few placw 
carryii^ over 3 per cent, Bastin, in the report already rrferred to, 
states that the m^nesian limestones underlie the nonm^nesian beds, 
though this simple relationship is masked by the closely compressed 
folding to which all the rocks of the region have been subjected. 

So far as chemical composition is concerned, most of the limestones 
of the Rockland-Rockport region would make very satisfactory Port- 
land cement mftterials. The foUowing table contains several analyses 
which are fairly representative of the low-magnesia rocks: 

Amtt^K* oflimatonet/Tom Knox Coanty, Maine. 
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Extensive deposits of marine clay^ are described by Bastin * as 
occurring along the lowlands of the coastal r^on in the same general 
area as the excellent low-magnesia limestones which have just been 
discussed. Analyses of several of these clays are quoted below from 
the report cited. 

AnaXytu of marine daye/rom Knox County, Maine. 
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1. Clay from brlc^ardi at Thoniaaton, Maine. W. T. BchaOH, amlnt 

2. Clay from Baydm Point, nar Boutli Thomanim, Uahw. w. T. Scballo', analyst. 
1. ClayfiomiHoparty olRocUaDd-Rockport LImeCo., uearRooUuid. Uafau. 

1 BaMlII, E. S.. Oayi of (ba pKUtmn Bay nflon, HalM: BolL U. 8. 0«1. Survey Mo. 281, 1000, pp. 
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LIMESTONES FROH OTHER LOCALITIES IN MAINE. 

Limestone beds of considerable extent also occur near Islesboro. 
A Bpecimen from this locality, collected by Geoige Otis Smith, was 
analyzed by W. T. Schaller in the laboratory of the United States 
Geological Survey, and proved to be a very pure limestone, low in 



AnalytU ofUmetUmefrom, hUthoro, Uaxnt. 

Silica (SiOj) 3.78 

Alumina (AI,Oj) 1.03 

Iron oxide (Fe^,) 43 

Lim8(CaO) 61.30 

Mignesia (MgO) 1.16 

The analyses of limestones given in th^ following table are quoted 
from an early report by Prof. Hitchcock on the geology of Maine. 
They are inserted here, as they may serve to some extent as a guide 
to the limestone prospector. It should be noted, howeTer, that the 
quality of the analyses is not above suspicion, and also that many of 
the beds analyzed may be entirely too small to work with profit: 

Analytt* o/' Maint limal'i'rut. 
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PORTIiAJJD CEMENT RE80UKCES OP MARTLAND. 
FOaTLAira OBKENT MATBBIAI.S. 

DI8TBIBDTION. 

Maryland is excellently supplied with raw materials for the Port^ 
land cement industry and is advantageously situated in r^ard to 
fuel, and hence will always possess a certain amount of interest as a 
cement producer. Traffic conditions, however, are against any very 
great expansion, for rail and water rates to important markets are 
BO low that few Maryland cement locations offer any marked advan- 
t^e over those in the adjoining States. 

Several geol<^c divisions in Maryland contain limestones that 
are sufficiently extensive to be of commercial importance, and are at 
the same time low in magnesia and otherwise satisfactory as Port- 
land cement material, ©ee PI. XIX, p. 350.) 

The divisions, named in descending geologic order, that aro suffi- 
ciently important to merit separate description are: 

Greenbrier limestone lliasiBsippiut. 

Heldeibeig limeetone Devoniui. 

Limeatones of Cayuga group SUuriAn. 

'. Limeetonee of SheiiuidoAh group Cambrian and Ordovicum. 

\ Metamorphic limestone Probably Cambrian and Ordovidan. 

I In addition, a number <^ other limestone-bearing formations 
^ occur in Maryland, biit their stone is normally too h^ in mt^esia, 
is too siliceous, or is otherwise not well adapted to use la Portland 
cement manufacture. The Tertiary shell marls of the coastal plain, 
for example, are in Maryland too low in lime carbonate to be seri- 
ously considered. 

The five limestone-beanng divisions above listed will be defK»ibed 
in the order in which they are named. (See PI. XIX.) 

OSEENBRIEB LIHBSTOKE AND ADJACENT SHALES. 

The Greenbrier limeetone outcrops only in AJle^ny and Garrett 
counties. (See PI. XIX.) A single belt passes about S, 30° W. 
through the western part of Allegany County, crossing the Potomac 
River about midway between Westemport, Md., and Keyser, W. Va. 

In Garrett County the Greenbrier is better shown, appearii^ in a 
number of belts or areas. As described by the Maryland Geological 
Survey,' there are six belts, distributed as follows: 

The moat easterly of these areas in situated parallel to and about one-half mile 
west of the crest of Savage and Backbone mountains. It enters the cowity from 
Pemuylvania one-faaU mile west of the northeast owner of the county, and extends 

' Quratt Caant;; HK7l*iid Oflol. Bamj, IVO, pp. lO-H. 
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in & aoulbvestorly diroctiDn to the Wait Vi^oia line, 1 mile north of Potomac 
Stone. This belt is about 45 miles long and from one-fourth to one-half mile wide. 
Itoccupiea a valley between the Fotteville (Savage Mountain) and the Pocono (Little 
Savage Hountain) ridges. This valley ia diained at the north by the headwaters of 
Lauiel Run and Savage River, and ftuther south by Little Savage River, Swamp 
Run, and Pine Swamp Run. Along the northern end of Backbone Mountain the 
line of outcTop ia for a laige part of the way up on the mountain ride, but farther 
south it occupies a ewiee of valleys like those along Savage Mountain, but leea 
pronounced. 

The second Qaiiett County area extends along the eastern side of Meadow Moun- 
tain in the valleys of Red Run and Meadow Creek Run as fiir as (he confluence of 
the latter with Deep Greek, near IliByerville. Thence it extends in the same south- 
weeteriy direction, in a similar series of valleys between Hoop Pole Ridge and the 
ridge of Pottsville rocks to the west of it, to the West Virginia line at a point about 
7 milee southwest of Oakland. Iliia eeriee of valleys is drained by branches of I>eq> 
Creek and of Miller Run and by White Meadow Run and Rhine Creek. The lime- 
stone belt is about 37 miles long and from one-eighth to one-half mile in width. 

The third belt extends from a point near Thayerville on the one last described 
down the valley of Deep Creek to the mouth of Marsh Run, thence up the valley of 
Maish Rim to McHenry, thence in a westerly direction for 1 mile, where it bifurcates. 
One prong extends down the valley of Hoyee Run for about 1 mile, and then disap- 
pears under overlying formations. The other prong extends in a northwesterly 
direction throu^ a valley to Sang Run. From here it eztande down the You^io* 
^eny River to points 1^ milee north and 2^ milee south of Sang Run, where it dipe 
under tJie overlying fonnalion. 

Hie fourth area extends from a point on the one last deecribed at McHenry in a 
Borth-northeaaterly direction in the valley parallel to and about oneJkalf mile weet 
of Negro Moontain as hr as acro« the Pennsylvania line, lliia brit is about IS 
milea long and ooe-eii^lh of a mile wide. 

The fifth belt extends from a point on the tliird one, about 1 mile east of Sang Run, 
in a nortlierly and nortJieasterly direction, crossing the Pennsylvania line at Oakton. 
It occupies a sinuous line of valleys parallel to and about one-half mile east of Oie 
creet of Winding Bidge. ne belt is about 13 milea long and onA-«igb& of a mile 
wide. 

The sixlh area Mitefs the county from West Virginia near Cnmesville and extends 
Bouth along the valley occupied by Pine Swamp and Muddy Creek as bd' as Brown- 
ing Mill and thence up the valley lying weet of Snaggy Mountain for about 4 milea. 
Hero it extends acroes the line into West Virginia. 

The Greenbrier limeetone, where best developed in Maryland, cod- 
sists of three distinct memberB. The lowest is a series of limestones 
commonly siliceous near the base and raiding from 27 to 46 feot in 
thickness. The middle member consists lately of shales, thin sand- 
stones, and so forth, and varies from 8S to 98 feet in thickness. The 
upper member consists almost entirely of very pure limestones and 
is from 65 to S5 feet thick. 
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The section below ' illustrates the characters of the several mem- 
bers of the Greenbrier limestone: 

Section o/OrembrUr limattme at Cmbtnt, Garretl Cowity, Md, 

Upper member: ra*. 

Aigill&ceous limeetone 4j 

Maasive sandy limeetone 13 

Red Bandy liineatoue 2 

Gray limeetone 3 

Red calcareoue shale 3} 

Red eandy limeBtone 8 

Qmy Bandy limeetone witb red buda 21 

Gmy limeetone 10 

65 

Middle member: ■ 

Red shale, with thin baadsof gray Mndetona 80 

Pure white aandatone 8 

88 

Iiower member: 

Ony limestone 27 

The upper member of the Greenbrier limestone consists very lately 
of thick beds of pure limestone. These have been very extensively 
used for flux and for lime burning, and their range in compoaition is 
fairly well established. 

The analyses given below represent these upper limestones. Ocnn- 
monly they are very low in magnesium carbonate, though a few beds 
show a prohibitive percentage of that ingredient. In some places 
they carry sufficient silica, alumina, and iron oxide to approximate 
the composition of tiie cement rock of the Lehigh district, but in most 
places it is necessary to add a considerable proportion of clay or shale 
to bring the mixture up to correct composition for Portland cement. 

The following analyses, made by T. M. Price, are taken from the 
publication of the Maryland Geological Survey: * 

Aruiigta o/OTeenbrier limetlonefivm Marfiland. 



aUcaCSlO.) 

Alumina (AhO,) 

Iron oiids <FeiOi) 

Ume carbooBCe (CaCOi) 

Uafiualum csrbomM (HgCOi 



L Ocrrinn di Inglehart'i quury, Oamtl County, 
3. Ollutt^ qoany, Oamtt County. 

3. Cnbtne, OamM Count v. 

4. Soatli taStfio Iftnmtam, Oamtt County. 

5. Offatt'i qiuny, Oimlt Countv. 

t, Flodkr't qoany, Phtej Bun, Oamtt County. 
T-K HoufhoIBIODyRun.Alleran]' County. 
"" --—"-■"- ■ "-puir Countr. 
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The following additional analyses of Oreenbrier limestone, made by 
M, R. Scbmidt, have been recently published: • 

Analyte* oJOretnbntT ImuUme/rvm Maryland. 
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3,3. WMtcmpotTjl 

"Hie following analjrses ' of Carboniferous shales from near Corinth, 
Garrett County, illustrate the range of composition. Most of them 
carry high pOTcentages of iron oxide, and in few of them does the 

> -1 — . --. r-j- rise mudi above 2.5 and in many it fella 

alununa + iron oxide -^ 



ratio - 



below 2. 



A7ta^/»et of Carbonifetmu thaUtJrom nrar Corinth, Md. 
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HELDEBBERG LIHEBTONE AND ADJACENT SHALES. 

The Helderbei^ limeetone outcrops in Maryland in several belts, 
most of them in the west-central part of Allegany County, though 
some are in western Washington County. The distribution in Alle- 
gany County is described as follows by C. C. O'Harra; ' 

The eattemmoBt and largest area, shaped like a much constricted letter W, lies 
to (he east, west, and Bonth of Tiusey Mountain, and by its promiaent double bifu^ 
cation makes vp a huge part of Wairiot Mountain and Martin Mountain. On the 
State line eaat of Tuney Mountain the Helderberg belt is leaa thaji one-half mile 
vide, while the width of the coneeponding outcrop on the weatem side is consider- 
ably greater. Southward, owing to t^ pitching of the Tuseey Mountain anticline, 
these bands gradually approach each other until, at a point near Rush, the two coalesce. 
Within lees than 1 mile southward the area again becomes bifurcated, but this time, 
owing to the synclinal nature of the fold, the projecting parts are separated by the 

I Hanrkuid Ow>I. Bantj, vol. 8, 1908, pp. 4S1-463. 

• Qamtl County: tCHybuHi OcoL Survvy. IMB, p. 219. ' 

> AllBguy County: UwykHid QaoL auivsy, 1900, pp. »<-«e. 



IbyGoO^IC 



200 PORTLAND CEMENT MATBBIALS OF UNITED STATES. 

Orisk&ny (bmwtioQ, i^ich immeduitely foUowe die Helderbeig. Of the two soutbeni 
Helderbeis projectioiis, the one brtheet out is the lacm extensive, and includee 
widun it Flakee Knob, the higbeet point in the county east of the AU^any Front. 
This part of the area nanoire southinrd, but cape Wairioi Mounlam to within almost 
a mile of irtiei« the mountain ceases to be a distinct topographic feature. The pto- 
jection lying farther west is much nanower than the one to the east, but continuea 
almost Ha far south and acts as a capping for Collier Uounlaim, 

The nex t area of Helderbetg lies ft^ther west and flanks (he outcrop of Saliua aiouiid 
Evitts Mountain in much the mme way that the firet area doea die Salina around 
Tussey Mountain. The bifurcation at the north caused by the Evitts MountaiD anti- 
cline is quit« like that produced by the Tussey Mountain aaticline. Tlie fonnaticni 
continues soulhward in one long, continually narrowing band to within 1) miles of 
the Potomac, where the Helderfaerg ending in a sharp point panes beneath Ae Oris- 
kany to appear again at the roadside by the canal where the Potomac has cut entirely 
through the overlying Oriskany and into the Helderbeig for a distance of fully a 
hundred feet. The eastern part of (his area forms much of the crest and western slope 
of Nicholas Mountain, while the contact line along the western side ia clearly marked 
by a row of hills extending from the State line southward. This row of hills reaches 
ahnoBt as Ear south as does the Helderberg outcrop, but finally coalesces with Nicholas 
Mountain. 

East of Wills Mountain a belt of Helderberg averaging less than one-half mile in 
width comes into the county from the north, and extending southward along the 
western slope of Shriver Ridge passes throu^ the weel«m part of Cumberland and 
across the Potomac into West Virginia. The Potomac in its very perceptible eastward 
bend nearly 3 miles above Cumberland, and again in the more prominent eastward 
bend about 6 miles above Cumberland, has carved out two small portions of this belt 
from the West Virginia area. These patches are moetly concealed, but their contact 
with the Salina is birly well shown. Northward the Helderberg-Salina contact is 
laigely concealed, but (he limestone quarries which occur in the lower part of the 
Hdderbeig along the western base of Shriver Ridge afford a convenient means of 
judging the approximate western outcrop of the Helderberg. Shriver Ridge marks the 
eastern limit, as (he con[act lies on its western slope a short distance below the top. 

West of Wills Mountain there is a band of Helderberg corresponding in pootion to 
the eastern belt, but by reason ol the perpendicular attitude of the strata this belt is 
considerably narrower than the one on the eastern side. Following closely the general 
direction of Wills Mountain, it crosses the Potomac River at Potomac station. Along 
the belt north of the National Road the Helderberg-Salina contact is usually not well 
diown, but the Beldert>Qrg-Onakany contact is prominent, the latter being repre- 
sented by the steep ridges to the north and south of Corriganville. SouUi of the 
National Road neither contact is well diown, although sli^t topographic features 
usually indicate their positions with reasonable accuracy. 

Another Helderbe^ area of considerable extent is exposed south of Rawlings. 
This farms the body of the steep isolated ridge known as Fort Hill, which extends 
southward along the Potomac for a distance of about 4 miles. 

In additbn to the above-mentioned areas, two very sli^t exposures may be seen 
along the West Virginia Central Railroad, on the north and south sides of Monster 
Rock, near Keyser, W. Va. They are of little importance, except in so far as they 
are of value in helping to work out die structure in that part of the county. 

Four narrow belts of the Helderberg limestone outcrop in western 
Washington County, (See PI. XIX, p. 350.) The best exposures, bo 
far as location is concerned, are those near Hancockj on Potomac 
River, 
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The lithology of the Helderberg limestone is thus described by 
0'Harra:> 

Lithotogically, Qie Helderberg ia pTeemiiK&tly a limeetone fonnadon. ArgU)»- 
ceoUB materials occur as impuritiea in wme of the beds, but these are not important, 
and BondBtonM are slmoat wholly lacking. Thin bands of chert, which are white or 
yeUowiBh-whit« in color, occur Hparingly throughout the upper part of the formation. 
Moat of the limeetone in the upper part ia heavily bedded, and much of it is hif^ty 
foMiliferouB. The lower part of [Beneath '] theHelderbergisa dark-blue thin-bedded 
limeetone, which in breaking gives a decided ring. This corresponds to the Tentacu- 
lite limestone of New York, which in Maryland ia over 400 feet (hick. In the field 
the contact between the Salina and the Tentaculite limestone is very marked because 
of the different weathering qualities of the two rocks. The Salina rock weathers into 
soil very completely, while the Tentaculite limestone leaves innumerable small, 
thin, dark-blue slabs upon the surhce. 

The thickncB of the formation is nearly 800 feet. The two partial sections given 
below are believed to represent the full thickness as well as a duplication of some of 
the middle beds, as indicated. The Potomac section extends from the bottom of the 
formation to and includes a few inches of the coralline ledj:^. The 3e-fbot mAssive 
SiroTnalopora bed of the Devils Backbone section is believed to come in immediately 
above this, the other beds of the section continuing upward in the order named to 
the top ol the formation. 

The Devils Backbone section, measured along the Huntingdon A Broad lop Bailrood 
east of Wills Creek, is as follows: 

Devili Badbone tection, Maryland. 

Helderberg-Orinkany contact. ■*«*■ 

Concealed 42 

Li^t^^ray foesiliferous limestone with numerous layers; a very li^lrcolored 

chert 22 

Li^t-gtay massive fossiliferotts limestone; breaks into rectangular blocks 16 

Sh^y limeetone IJ 

Bluieii-gray limestone, breaking into dialy fragments; weathering indicates 

much argillaceous material , 18 

Haadve Sfrvnuifopora beds 36 

Shaly limestoue somewhat nodular 10 

Light-gray massive limestone, with upper part containing layers of li^t- 

colored chert 4S 

Thin-bedded limestone ; the weathered surface covered with small bryozoans. . 16 
Dark-blue mamive limestone, very hard and difficult to break; upper part 

filled with PenUmuTU* galeatu* 36 

Fine, dialy fossiliferous limestone 16 

Maadve, dark-blue fbasiliferoua limestone 40 

Sli^tly argillaceous, thin-bedded, fossiliferous limearone 14 

Gray, arenaceous, fossiliferous limestone, with layers of cherty material 16 

Concealed to bottom of formation. 

Total thickneee of exposure at this place 32S) 

■ AUegmy Cbmity. Ibrrlsnd Owri. Borrar. pp. QS-te. 

■TUsdMeriptlcoliidndMliiths Htldsrtacrg a part o( th« uaderlyliig Cayuga group (the "Tenloca- 
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The measuremeDts made at Potomac station are as follows: 
Section at Potomac ttation, Md. 
Upper beds concealed; very masdve li^t'^ny limeBtone, with a few feet of 

nodular limestone near the top; (Kiralline layer near the top 

Hoetly concealed, but eufflciently exposed to diow that the beds are generally 

made up of thin grayiah limestonee; aome mawive beds aie present 

Generally thin-bedded, dark-blue limeetone, but with some heavy beds; 

[oariliteroua 

Thinly bedded, dark-blue foeeiliferouB limestones, with occasional papM? 

shales 



Total thickness of exposure 

Analgua of BeUUrberg Hmttloru, Mmybmd. 
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VaUtir tntlng lalMnlaiT- 
4-7. ConlganTlUa, AUa^n; County. 

8,9. GiunlxrlUKl, ADMUf ConiitT, 
16. AHegany Orova, AUeganr " ' 



OWlown.AUeoiif County- SuiVledbTE.C.Eckel; uutfudby Ldiis>> 
R. Sohmldl, uuljit. Rspt, UaiytBad GeoL Survey, vol. 8, 



ic, AUennyCouDtj. T, H, Prka.uulyit. 
rlliu, AQefinT County. Zles md "'" — ' 
itCscapoD, wr-"-' " — '- 



. FilM, tiulnl. Idem, p. « 

If . R. Sotamidt, uialyst. Idam 
" rdeni.>.«2. 

eTqTzBb, uulj^st. "' 



_, ,_^— „.,. „ , jn,n.4S}. 

ie,IT. Oreit CacapoD, wublngton Coonly. £. Q. Zfes, analj'st. Idem, p. M3. 

The Helderberg limestone is everywhere closely associated with 
good shales for cement purposes. Analyses of a number of DeTonian 
shales follow: 

Ajialyta of Devonian AaUt, Maryland. 
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1, 3, anat CacapoD, Waihiagten County. E. 0. Zta, uilyit. Rrait. Uirylaud Qaol. Survay, vid. 
8, lOOD.p. 444. 

3,4. WuTlorMounlBlii.iiHiOldtowii.Allgguy County. BwnpMbyE.C. Eckel; uialyud by Lahigh 
VaUey testing laboratory. 

i. CoiTlguvllle, Allegany Cooaty. If. R. ficbmldt, analyst. Rapt. Maryland Oeol. Survey, vol. 8, 
ism, p. 4e. 

LIUBSTONE8 OF THE OAT1TQA QBOUP. 

The Cayuga group (Silurian) underlies the Helderberg limestone 
(Devonian) previously described, and its outcrops parallel those of 
the Helderberg, so that no separate description of its geographic 
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distHbution is necessary. The importance of the Cayuga group in 
the present connection arises from the fact that it includes one or 
more rather thin but very persistant beds of low-magnesia limestone. 
These low-magnesia limestones are high in clayey matter and in 
places closely approximate the composition of the well-kQown 
cement rock of the Lehigh district of Pennsylvania. 

The following table gives a number of analyses of limestones of 
the Cayuga group from Maryland localities:' 

Analfiia of limatojut of Cayuga group, Maryland. 
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._, AlKjanj Coanty. T, IL Mce, 

12. FDtmn&c, AUeftoCT Cotuit7. U. R, SdutidI, 

13-17. FotomBC, AUegm; County. T. 11. Piios, 

18-20. Potomac, AII«Bii; Comity. M. R. 
Schmidt, (ualyit. 
21-24. DawaoD.AIIecuiy County. Zksuicintll, 



1. BauDodc, WaiblD((OD CoantJ. B. Q. Zla, 

2. Buioock, WaablDston County. T. U. Filn, 

Round Top, Wwliliigbm Counly. C. SMi- 

Round Ikip, Waablugtan Coonty. C. HiBe, 
ipt. 
e. Round Top, Wlablngtou County. E. Q. 

,8. CwriguvUle, Alkguiy Coonty. M. R. 
Schmidt, analyst. ' 

>. Cambsland, AUeeany Comity. C. Richaid- 

Bon, analyst. 

UMESTUKBS OF THE SHENANDOAH GROUP. 

The limestones of the Shenandoah group (CambriMi and Ordovician 
age) occupy three principal areas in Maryland — two in Washington 
County and one in Frederick County. 

The westernmost area enters Maryland from Pennsylvania in 
central Washington County and runs slightly west of south to 
Potomac River, which it reaches between Cherry Run and T^Uiams- 
port. Its eastern border lies just west of Conococheague Creek. 
Little Conococheague Creek flows through it, and Fairview, Reiffa, 
Hicksville, and Clear Spring are situated on the limestone. 

The central limestone belt covers almost all of the eastern third 
of Washington County. It enters trom Pennsylvania as a belt 15 
miles wide and underlies the Hagerstown Valley, Antietam Creek 
running down its middle for its entire extent. Hagerstown and 
Sharpsburg are located near its middle; Blue Mountain, Edgemont, 
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and Weverton lie oa or near its eastern edge; and Williamsport, Salis- 
bury, and Maogans'dlle are on or near ite western brader. 

The third and easternmost area is in the eastern portion of Fred- 
erick CouQty, along the valley of Mooocacy River. Frederick, Adams- 
town, Frederick Junction, Woodsboro, and Walkereville an in this 
area of limestone. 

In discussing the Shenandoah group in an adjoining and closely 
similar section in Pennsylvania, Stose has recognised the following 
formations, here listed in descending geologic order; 
Ordovicuu; 

1. Chunberaburg limeetone. 

2. Stones River limeetone. 

3. Beekmantown limestone. 
C&mbri&D: 

4. Cmiococheague limeehne. 

5. Elbrook foimcitiou. 

6. WfkyDeeboro fonnatioD. 

7. Tomstovn limestone. 

Of the seven foimatlons listed above, the Chambersburg and Stones 
R iver limestones are those which ttfford most ot the possible Portland 
cement rock, though the Conococheague and the £lbrook also con- 
tain some beds of low-mi^eeia limestone. 

The following table ' contains analyses of a numbM* of limestones 
of the Shenandoah group, mostly from the Conococheague, Chambers- 
burg, and Stones River formations, from Maryland localities: 

Awdyut of limatonet of llu Shenandoah group, Maryland. 
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1,2, ChambenbuTK Uiiuataiie,Le Oore, 
4. Chsmiient 



Count;. ZiMlSc 



It, taiijtix. Kept. U*i7lBiul 



3, 4. CtumtHnburg llUKOloiie, TtaOeMt, Frnkcick County. ZIm and QUI, unljriU. Iden 
t, Chsmbersbure llmesUHie, Buckefnown, Pmdeiiek Connty. E, Q. Zlas. (odTit. Idem. 
0. Tomstown UmBMoaa^Cavelown^Mtklnip^ Count)'. £. 0. Ztea, malrat. IdaiB, p. 418 



7. Elbrook lormsUon, 



lliiiatUH%^Cavelown. WMtkliutoQ Count;. £. 0. Zlea, uiAlvM. 
rmsUon, Chewivllle, wuhfauton Coontr. T. M. Ptt«, uiK^Tt. 
igUB limastoDB, HaiBntown, Washington Count;. O. E. Bniuk; 



'"li~ITniliii>iiliiaii UweitonB, WUdam^Brt, WaiUnMoa Goiuit. ZIm & QUI, anal;ita. Idem. 
U. BtODce River Umestono, PlnMban, WaihlnglonOount;. Zlei and OOl, analysts. Idem, p. 441. 
IS, 14. Bloua River Umeetone, FbMbun, WaiEliwtSB Count;. Catlett and Portec, analnti. Idem. 
IS, le. Beeknvntown HmntonB, (Aarlton, WashliuUn Connt;. t. H. Bates, anal^ Mem, p. 441. 

17. Baekinntawnlinestaie, Orlme*, WaditagtonCouii^. R. S. WllUaooan, *nU;st. Idem, p. 44S. 

18. Conococbeague linmbinB, KeedyaviUa. WasblngtOD Count;. T. M. Price, anal JM. Idem. 

10. CoDODOcluague llmeit^me, Sharpabuig, Waehli^laa Counl;. B. B. WllUanaou, anal;Bl. Idem. 

1 Hitrybuid GeoL Surve;, vol. S, ISOt, pp. 3M, 43S, 440-443. 
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HBTAHOBFHIC LIMESTONES OF THE PIEDMONT ABEA. 

In the Piedmont region of eastern Marylaod many areas of crystal- 
line limestones or marbles occur, being particularly lai^e and 
numerous in Carroll, Baltimore, and Howard counties, and smaller 
and less important in Frederick County. 

Conaiderable difference of opinion has been expressed as to the 
geoI<^c age of these metamorphic limestonee. It seems probable, 
however, that many if not all of them are of the same age as the un- 
altered Cambrian and OrdoTician limestones farther west, from which 
they differ merely in being highly crystalline, the effect of pressure 
and heat. 

In composition the metamorphic limestones vary, just as do the 
unmetamorphoeed Cambrian and Ordovician limestones. The 
CockeysTiUe marble, for example, is highly magnesian, whereas much 
of the metamorphic limestone from Texas and Union Bridge is as 
low in magnesia as the best unaltered Trenton limestone. 

The following table * contains a number of analyses of low-magnesia 
metamorphic limestones from different localities in the Piedmont 
region of Maiyland: 

Analytei of tiulamorphk limtttorut, Man/land. 
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FOaTLUTD CBKBNT INDtrSTBY IN KABTI.Ain>. 

Two Portland cement plants, that of the Security Cement & Lime 
Co., at Security, in the weetran part of the State, and that of the 
Tidewater Portland Cement Co., at Union Bridge, in the eastern 
part, are now in operation in Maryland. 

The plant of the Security Cement & Lime Co. was built during 
1907 and went into operation early in 1908. Since that date the 
original plant has been increased in size, and the company has taken 
up several related industries including the manufacture of lime, and 
the quarrying and preparing of fluxing stone, road metal, railway 



I Op. dt., pp. M8, sn. 



ibyGoo^lc 



206 



POETLAND CEMENI MATERIALS OF UNITED STATES. 



ballast, and so forth, both at Security, Md., and at Martinsburg. 
W. Va. The cement plant of the company is at Security, a station 
on the ■^estem Maryland Railway a few miles east of HagOTstown. 
limestone and shale are used, the limestone being obtained from low- 
magnesia b^s of the CoQococheague limestone (Cambrian) in the 
immediate vicinity of the cement plant and the shale (Martinsburg 
shale of Ordovician age) from property owned by the company near 
Pinesbuig. 

The following table gives analyses of the limestone and shale used 
at the plant of the Security Cement & Lime Co.' 
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The plant of the Tidewater Portland Cement Co., which commenced 
operations in October, 1911, is situated in Frederick County, near 
Union Bridge, on the Western Maryland Railway. It is the intention 
to manufacture not only a normal Portland cement but also a white 
Portland cement, building lime, and hydrated lime. The company's 
engineers report that raw materials for the manufacture of all these 
products exist on the property. 

The raw materials available at Union Bridge are limestone and slaty 
rocks. The limestone is the metamorphosed and highly crystalline 
stone commonly found in the Piedmont district, and the "shales" 
are slaty rocks of volcanic origin. Analyses ' of both calcareous 
and argillaceous materials, R. K. Meade, analyst, are given in the 
following table: 

Aiuilyst* of Taw materiali. Union Bridge, Md. * 
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8-10. Volcsnic slate. 
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MASSACHUSETTS. 



BEBLIOOBAFHT. 



Mathbwb, E. B., and Ghastt, J. S., The limeshmee uf Maryland, with special 
reference to Ui«ir use in the maDtifacture of lime and cement: Maryland Geol. 
Survey, vol. 8, 1909, pp. 227-^84. 
RiEB, Heinrigh, Report oD the days of Maryland: Maryland Geol. Survey, vol. 
4, 1902, pp. 203-606. 
In addition to the reporta above cited, which deal with the cli^s 
and limestones of the entire State, valuable data on the resources of 
certain areas are found in other reports issued by the State Survey. 
Among these, for example, are the volumes devoted to the geology 
and mineral resources of Allegany and Garrett counties. 

PORTI.AND CEMENT BE80UBCES OF MASSACHTrSBTTS. 

In the western part of Massachusetts extensive quarries are operated 
for both marble and lime. The stone quarried is a highly crystalline 
limestone or marble of Cambrian and Ordovician age. Much of 
this stone is highly magnesian, but all of that produced in the north- 
vestem portion of the State, in Berkshire County, seems to be low 
in magnesia. The analyses given below are fairly representative of 
this product. 

Unfortunately for the prospects of a Portland cement industry in 
the State no shales occur near these limestones, and the glacial clays 
generally contain too much sand and pebbles to be worth considering. 
Tills fact, taken in connection with the cost of fuel in this district, 
renders it improbable that Massachusetts will become a successful 
producer of Portland cement on a large scale. 



AntUyut oflimtttonafrom iiauachiueUi. 
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Ann. Rent. U, 8. Oeol. Surray, pt. B(HniUnunl),I8B», p. 408. 
2. OhAiIib HunlMturlDg Co,,Cbesblie,BN'l^lreCouiity. Daveaport A WiUEams, andyets. 1 

p. 410. 

a, C. E. Hestlno'i quarrr, W«at Btackbr1l]g^ B«rkablra County. J. B. Brlttoa, wulytt. Idem, 
P.4IL 
i. AdanuUvbleCo., Reolnv, BakiUreCounty. £, E. Okntt, analyst Idam, p. 410. 

Though the prospects for the development of a normal Portland 
cement industry in Massachusetts are far from bright, an interesting 
special product — white Portland cement — was made on a small scale 
for several years by the Berkshire White Portland Cement Co. at Clay- 
ton, Berkshire County, from the pure crystalline Silurian limestones 
of that ares. The manufacture of this cement was discontinued in 
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PORTIiAIifD CEMENT RB80TJRCE8 OF MICHIGAIT. 
FORTXiASS OXXEMT 1U.TBBXALS. 

LIMESTONES. 

Of the formations that outcrop in Michigan three — the Dundee 
limestone, the Traverse formation, and the Quaternary marl— 4iaTe 
been utilized in the manufacture of Portland cement. Another — 
the Bayport limestone — yields limestones which so far have not been 
utilized, though low in magnesia and otherwise satisfactory as cement 
mateiials. 



The Dundee limestone lies at the base of the Devonian system, 
and although generally concealed beneath glacial drift and surficial 
deposits comes to the surface (see PI. IX) in a belt 2 to 9 miles vide, 
trending northeast and southwest across Wayne, Monroe, and Len- 
awee counties, in the southeast comer of the State. The Dundee 
occurs also at the extreme northern end of the southern peninsula 
and on Mackinac and neighboring islands as well as in the adjacent 
portion of the northern peninsula (PI. X). The purest layer of lime- 
stone in the Dundee thus far discovered is extensively quarried at Sib- 
ley and Bellevue, near Trenton, in Wayne County, and is used in the 
manufacture of sodium bicarbonate, soda ash, and caustic soda near 
Detroit. The finely powdered calcium carbonate resulting as a 
by-product from the manufacture of caustic soda is used by the 
Michigan Alkali Co. for making Portland cement at Wyandotte. This 
same limestone, on account of its uncommon purity, is also extensively 
used in the manufacture of beet sugar. 

The Dundee contains several beds of limestone, most of wMch, 
however, carry too high a percentage of magnesia to permit their use 
in making Portland cement under the standard now required. Thus 
far only one layer, the celebrated 9-foot bed, best exposed at the 
Sibley quarries (pp. 209-210), has been found sufficiently pure to be 
utilized. The composition of the rock quarried at Bellevue and used 
by the Michigan Alkali Co. at Wyandotte is as follows: 

Aiuitytit o/Dundu limeiUme at Bdkmte. 
lAnatrsI, O. Buttsn.] 

Silica (SiO,) 0. W 

Iron oxide (Fe^,)l 

Alumina (A1,0,) J 

Cftlcium cwboMto ((JaCOj) S6. 24 

Hagueaium carbonate (MgCOj) 1. 00 
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I. C. Russell describes * the Dundee limestone as follows: 
The limeetone of the Dundee formatloii ie also quarried 2 miles norUiesst of Dundee, 
Monroe County, where tour layers of limeetone nre expoeed, the composition of which 
ia shown below; » 
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Bed D la dmllu to 



The rocks exposed in Uie quarry near Dundee are coiuidered by Sherzer M the 
identical iKyers that are eitenaively quarried near Trenton. When sufficiently low 
in QuigDesia the beds are evidently favorable for use in making Portland cement, 
the only quMtionable featuree seeming to be the expense of qiutnying and crushing. 
Certain of the layers at Dundee contain petroieum, the influence of which on the 
mixi^j of slurry is not known. 

The following notes concemisg the Sibley quarry at Trenton, Wayne Oninty, have 
been kindly furnished by Hr. Frank Levwett: 

The quarry occupies an area of 35 acres. The rocks dip westward at the rate of 
about & feet in 100. lliere is a low anticlinal arch Itending approximately east itad 
west, iriiich paeaee throu^ the midst of the azcavation, hom the crest of which the 
beds dip away at the rate of about 1 foot in 1(K). The sti^ta are cut by two systems 
of joints, bearing about N. 20° E. and N. 60° E. The quarry is situated in an irreg- 
ular hill which rises about 30 feet above the level of Che adjacent portion of Detroit 
River. On the higher portions ol the hill there is no covering of drift, but on the 
ndes the solid rock is concealed beneath several feet of till, niicre the glacial 
deposits have been removed, the surface of the rock beneath is intensely glaciated. 
There are two sets of glacial groovee, of which the earlier bears about S. 28° W. and 
the later approximately N. 30° W. 

The strata exposed in the quarry follow, beginning at the surface. 



It IndiubT tn lltchigu: Twmly-se 



■RwkU, I. C, Th* Porttaod 
Bum;', pt 3, UOl, pp. 90-W3. 

>BlHn<r, W. H., Oadoglea] report on Mouroa County, llicfa.: 0»L Sumy llicfalian, 
WO, pp. 78, 177-1T8. 

«834''— Bull. 622—13 1* 
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Sation at Sibley quarry at Trenton, Waynt County, MuA. 

1. Thin-bedded gny limeBtone, suitable for lue as a flux H 

2. "Upper 6-foot bed," ngiay limeetMie, contuning 96 per cent CsCOti uaed 

in alkali works; a portion of the lower part of the bed, about 8 inches in 
thickness, is now rejected on account of its containing too much bitumi- 
nous matter. 6 

3. Fowiliferoue blue-gray limestone, containing 90 per cent CaCO^; suitable 

for use in alkali works 3 

4. "Second G-foot bed," a blue-gtay limestone, containing from 04 to 9S per 

cent CaCO,; used ua building stone and in alkali works 6 

6. "Five-foot bed," very similar to "Upper 6-foot bed" b 

6. "Cherty bed, " a cherty limestone, not at present utilised 2 

7. "Third 6-foot bed," a blue-gray limestone, with a little chert in its lower 

portion; used in alkali works ud as a building stone 6 

8. " Nine-foot bed, " a fossUiferous gray limestone; used in the manufacture of 

beet sugar and suitable (or making Frntland cement 9 

9. "The e-footmagnesian limestone," dove colored 6 

10. "The 8-foot bed," a thick-bedded gray limestone; used as building stone. 8 

11. ""Rie 10-foot bed," a gray limestone, of which the upper 3 feet contains 

about 85 per cent, the next 3 feet 95 per cent, and the lower 4 feet about 
80 per cent CaCO,; the lower portion contains from 3 to 4 per cent SiOti 
the middle portion of the bed is very fossiliferous 10 

12. Brownish limestone, containii^ 16 per cent SiOj, 0.5 per cent MgO, and 

about 85 per cent CaCO,; this rock is marked with white spots, tiionght 
to be aluminum silicate; used as buildii^ stone; opened to a depth of 
about 4 

Total 63i 

Chemical analyses of certain uf the beds described above are given b^ow: 
^nolirtet of limttUmefrom Sibhy fuoms* at TVvnton, MiA. 
lAnslTtt, K. J. Sundrtrom.1 
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Russell describes the Trarerae formatioa as follows : ' 
The rocks designated by this name consist principally of shale and timestone, 
occur in succession next above the Dundee formation, and belong to the DevoniM 
system. They form a belt about 2 miles wide, which cmeBW Wayne and UoorM 
counties, • • * but are there concealed beneath surficial deposits, and slao 
form a broad area, which crosses the northern end of the southern peoinsuk ftom 

1 Op. dt., p. Ml 
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Alpena, on the border of I^ke Huiod, to Fnokfort, on the ihore of l^k« Michigan. 
The limeetone of the Traverse group comes to the mirface at Alpena and is utilized 
by the Alpena Portland Cement Co. In the quarry where it is well exposed it is a 
U^t-oolored compact rock, catrying corals and other fossils. Its composition ia as 
lollawa: 

Ajtal]/$«t of limetttmt/rom the qaarrieto/ the Alpena Portiand Cement Co., Alpena, Mvh. 
lAoaljM, F. H 
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, . yF: F!™tBtnitam,2*Bttl _ 

QoaiTy F: SBEond itntam, I Foot tUA. 
a. QiuTTT F; Third 5traHim, 1 fset UUsfc. 
0. QuuTy F: Fourtli itntum, floor of qpany. 
AU Mmpln show tnca ot mlpbatsB and pboapbMes. 

The favorvble results in the manufacture of Portland cement obtained from the 
use of tJie limestones just considered will no doubt stimulate farther search for 
tavombly situatfid outcrops of the «me formations, in which the accomixnying map, 
diowii^ where they may be expected to occur, will be of assistance. 

axAHS BAPnw aROVr. 

The Grand RapidB group ia composed of the Bayport limestone 
at the top and the Michigan formation at the bottom. Russell 
describes the rocks as follows : ' 

Another formation containing limestone, preeent in southern Michigan is designated 
aBthe"HiGhigaaseriee"ontheniap[Pl. IX],andbeIonggtotbe * * * Miasissip- 
pian * * *, The limestones occur principally in the upper portion of the system 
and outcrop on the borders of the coal-bearing rocks which form the surface, lliey 
are in great part concealed by glacial drift and oUier surficial rocks over an ext«udve 
area in the central part of the southern peninsula. 

The limestone of the Michigan series outcrops at Bayport and Sebewaing, in Huien 
County, on the east side of Saginaw Bay; on the Charity Islands; at Bellevue, in 
the soutbwMtem part of Eaton County; and near the Portage River, about 5 or 6 
mike north of Jackson. Other localities where it is accessible no doubt occur. It 
has been quarried at Bayport, Bellevue, and near Jackson and calcined to make 
lime. Its compoaition, aa indicated by the foUowii^ analyses (stated as published), 
is such as to make it suitable for use in the manufacture ot Portland cement, but up 
to the present time it has not been utilir.ed for this purpose. 

■ Op. dt., vp- Mt-ML 
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Analynt oj UmetUmefnm Bagport, Midi.. 

lAntlyit, J. W. LanclBy.] 

SUica(SiO,) 3.330 

Oxide of iroD (FejO,) and alumiiut (AlA) 1-334 

Carbonate of magnesia (UgOO,) M4 

Carbonate of lime (CaCO,) SL638 

PhosphoTUB and sulphur Trace. 

Oiganic matter and low 2.854 

100.000 
(Quicklime, 51.29,) 

Anatj/nt oJ timttlonefrom BelUvue, Mich. 
[Aiul;st, Cul RomlngBi.] 

Carbonate of lime (CaCOj) 96.00 

Carbonate of magnesia (MgCO,) 1. 00 

Hydrate of iron oxide 50 

Insoluble residue L50 

99.00 
Analym of limetttmefiom Partagt River, Midi. 

\JiatijH, Cwl RomlDgsi-l 

Carbonate (rf lime (CaCO,) 96.90 

Carbonate of magnesia (MgCO,) L 00 

Alumina (AlA) M»d iron (FejO.) 70 

Inmluble residue L 40 

99.00 

The limestone of the "Michigan series" contains layers that are high in magnema 
or are otherwise unfav(»able for cement making, but in spite of this the formation 
is evidently wwUiy of careful attention from perennH interested in the industry 
under review wherever it occuis near deposits of clay or shale and is suitably situ- 
ated in reference to transportation bcilities, etc 

All of the limestones referred to above are of marine origin and usually contain 
fossils, among which coral is frequently conspicuous. The roctn are usually com- 
pact and hard and if employed in the manufacture of Portland cement must be 
crushed and ground te a fine powder. Except for the expense thns involved they 
are in certain instances as favtn^Me for the use indicat«d as the marls described 
below. 

HARL DEPOSITS. 

Russell describes the marl deposits as follows: ' 

Some idea of the abundance and wide distribution of marl deposits in the southern 
peninsula may be obtained from the map [Fl. IX], on which those it has been con- 
venient to locate are indicated. This is by no means a complete index of the total 
number of marl depodts that occur in the area represented, as it has not been found 
ptaoticafile to make a detailed survey for the purpose of mapping them. It is safe 
to say that those shown on the map are probably lees than one-fourth of the total 
number that exists in the southern peninsula. Those indicated on the map, with 
possibly a few exceptions, have an area in excess of 50 acres, and an aveiage depth 
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of 10 feet or more. The mul beds of Michigaii only are coiuiderecl in this report, 
but depoeita of Qio etuoe chwocter are knoim to occur in neighboring SUtee, u well 
aa in the uijacent portionH of Canada, but tbeir entire distribution and ttieir pre* 
ciue relation to climatic and geological conditiona, etc., have not been dotenniaed. 
In extent tbe marl beds vary from a few acree up to several hundred acres. Some 
of the Portland cement companiee, it is stated, have marl beds from 500 to 1,000 
acree in area, with an avenge depth of 20 feet or more. In moat instances thew 
figures probably refer to two or more aeparate but peiiiape closely adjacent beds. It 
ia safe to say, however, that single beds from 100 ta 300 acree in area and with an 
average depth of 20 feet or more are not rare. 

In depth the marl beds vary from a few inches up to over 35 feet, as has been dem- 
onstrated by the writer by actual borings. Other observers report depths up to 60 
and even in excess of 70 feet, ^ich are no doubt reliable measures. 

The marl beds occur principally in the basins of existing lakes, but frequently 
extend beyond the present water margins and underlie the bordering swamp. They 
aie present also in many instances beneath beds of peat or muck, from a few inches 
to several feet thick, on which tamarack and other trees grow. The presence of 
marl beds about the bwders of oTJating lakes and at an elevation in some cases ot 
10 or 15 feet above their surfaces shows that the lakes have been lowered, usually by 
the cutting down of their outlets, since the marl began to form. In some examples 
peat occurs beneath extensive marl beds, and in a few casee two or three alternations 
of layers of peat and marl have been discovered. Usually, however, there is but one 
bed of marl present, which reets on a sandy or clayey bottom. It is evident in all 
instances that the marl was deposited in a lake, and that the awamps, or in some 
instances the now weU-draioed tracts, when it is found, were formerly flooded. 



by Google 



214 PORTLAND CEMENT MATEWALS OF UNITED STATES. 



by Google 



ill 

I' 



n Us i n 



S ?i I 1 



i. Il^l 



?in?? 



S 8 RI 



iHnii 



1111= sp 



TnTTTW 

Mil 

m 



D,„ii.db, Google 



216 PORTLAND CEMENT HATERIALB OF UNITED BTATEB. 

8HALBB AND 0LAT8. 

Surface dajB as well as shales from the TrsTerae and Coldwat«r 
formations have been used in Portland cement plants in Michigan. In 
addition, shales from the Antrim and Saginaw formations may furnish 
supplies in the future. ■ 

"The following descriptions of shales and cla^ we taken from Kua- 
sell's report ; > 

TEATXBSI rOUEATIOM. 

Thfi ah&le of the Traverae group is utilized by the Alpem Portland Cement Co. 
in connection with limestone from the same formation and is obtained from qosnin 
about 7 miles north ol Alpena and near the shore of Lake Huron. Hie stiwt* srr 
nearly horizontal and consist of alternating layers of fine-gi>ined and uoiform bluUi- 
btack shale alternating with thin-bedded impure limestone. At the locality what 
the quarries are located the shale occuis at the nirfac«, being covered only by 2 or 3 
feet of pe&t. The nme bed is understood to occur in the low bluff bordering the 
neighborii^ portion of lAke Huion. The surface portion of the Aale where now 
exposed is dinnt«grated to a depth of a few indies, so as to form a stiff blue day, and 
both the surhce material and the unweathered shale beneath are suitable for cement 
makiiig. The general composition of the shale is indicated by the following analyses: ' 

AntUytt* o/thalf of the Travtrte/ormalion near Alpetta, Mieh. 
[Analnta, A. N. Ckik (A) slid H. Rin (B).| 
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Another analysis of shale from the same locality as the above, supplied by the 
Alpena Portland Cement Co., is as follows: 

Analytit oJAalt of At Traverie/onataum ntor Alptna, iHA. 

[AiuIfM, s. a. Uidhiv.l 

Silica (SiO^ 67.96 

Alumina (Al/),) ».« 

Perric oxide (FcjO,) 3.03 

Calcium carbonate (CaCO,) 9.12 

Calcium oxide (CftO) 28 

Magnesium carbonate (MgCOj) 5. 02 

Sulphuric anhydride (SO,) 72 

AlkaUes (Na/) and K,0) S.« 

99.97 
The region in Uie northern portion of the southern p^iinsula in which diales o( 
the Traverse group may outcrop on the borders of lakes or along streams, or may 
be discovered by making small excavations, is indicated on the map. 

' Op. dL, pp. tU-Sn. >a«iLBi]mTlfk:hJsu,Ti>LS,pt.l,lMnkp.«7. 
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In addition to the depoaite briefly described above, there ure two formations in 
the Bouthem peninsula which contain shales that, in certain iostaiices at least, are 
worth investigating in connection with the industry here considerod. These are tbo 
Antrim diales, which occur at the simunit of the Devonian Byat«m, and the Saginaw 
formation, which forme the upper portion of the Carboniferous system as developed 
in Michigan. 

The Antrim shales usually contain a high percentage of organie matter and yield 
petroleum, gas, etc., on distillation. No attempts have yet been made to utilize 
them for making cement, although their physical properdes (except, perhaps, their 
tou^nesB, irtiich renders them somewhat difficult to quarry or Co reduce to a pow- 
der) and their chemical composition make them worthy of experiment in that con- 
nection. An analysis of probably unweathered Antrim shale, made for the purpose 
of testing its fuel -value, published by Riee,' ie as follows: 

Artalynt o/Ajitiim thale. 

(AiulyM, W. H. JohmoD.) 

VoUtile matter 17. 96 

Fixed carbon 6. 49 

AA 75.55 

100.00 
Attah/iit o/lhe ath. 

Silica (SiOj) 70.54 

Alumina (AljO.) 16.33 

Ferric oxide (FejO.) 5.31 

Calcium (CaO) 2.38 

Magnesium (MgO) , 78 

AlbtlioB, etc., by difference 5.56 

100. (» 

Ab remarked by Ries, the ratio of silica to alumina in this analysis is unusually 
high, but so far as can be judged this material is worth careful iavestigation on the 
part of cement makers. 

The Antrim shales are exposed on the shore of Thunder Bay and also at several 
loctklitiee in Charlevoix County, where they are associated with marl deposile. The 
availability of these shales in manuhcturing Portland cement and the utilization of 
the organic matter they contain as a by-product seems to be a possibility worthy of 
consideration. 

OOLSWATXK BSAU. 

The Coldwater shalea ar« now being quarried at a locality about 1) miles east of 
Union City and utilized by the Peerless Portland Cement Co, At the quarry referred 
to the shales are well exposed to a depth of from 20 to 35 feet, are thin bedded, hori- 
zontal, and contain irregular concretions of ferrous carbonate, some of which are 
charged with fossil marine shells. The rocks near the surface are much weathered 
and BO completely disint^rated Uiat the evenly bedded bluish shales below pan 
upward into yellowish mottled clays near the surface. In the manufacture of Port- 
land cement an approximately equal mixture of the weathered and unweathered 
material is now used. The range in percentage of the several constituents composing 
the shale is as follows: 

iOi>.dt.,p.«. 
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Aital^ta of CoIAuqUt ^mle near Vnvm City, Mich. 

[Aiulyit, A. Lundtelgv.) 

Silica {SiO^ 67.89 to 59.20 

Iron and aluminum oxides (Fe,0» and A1,0, 29. 89 to 23. 33 

Calcium (CaO) 1. 42 to 00 

MagnesJum (MgO) 2. 16 to .26 

Sulphuric anhydride (SO,) Trace to 00 

Alkalies, by difference 8. 66 to 6.00 

Moisture, including water of compoaition 20. 50 to 10.00 

The Coldwator shaleH are also used at die vorks of the Wblverine PortJand Cemeni 
Co., near Oldwater, and there preoent about the Mine characteristica as at UnJun 
City. Their range in compoailion is aa follows: 

Anafyut of ColduMtUr thaJt ntar Coldteater, Midt. 

[Aoalrn, H. E, Brown.] 

Siliai(SiO,) 67.26 to 61.26 

Alumina (A1,0,) 18.12 to 21.69 

Ferric oxide (Fe,0,) 6. 53 to 8.30 

Calcium (CaO) 1.26 to 1.60 

Magneaium (MgO) l.Mto 2.31 

Sulphuric anhydride (SO,) 66 to 1.34 

Carbon dioxide (CO,) 96 to 1.18 

Titanium oxide (TiO,) 82 to 1.12 

AlkaJiea (Nf^O and KiO) 2.25 to 3.45 

LoM on ipiition 6. 19 to 8. 32 

The dialefl of this formation were formerly used byAhe Bronson Portland Cement 
Co. but have been Bupeiseded by surface clays obtained in northern Ohio. The 
shale formerly used at Bronson is reported to have the following composition:' 

Anafyni of Coldwaler Aale ntar Btontoit, Uidi. 
[Asalm, C.J. Whnlv.] 

Silica (SiO^ 62.00 

Alumina (Al^,) 20.00 

Ferric oxide (F^,) 8. 00 

Calcium (CaO) 50 

Magne«um (MgO) 1.00 

Sulphuric anhydride (SO,) 60 

Oiganic matter 8.00 

100.00 

' Lawti, H., tbe ptant of ihe Broiuaa Portbnd Ceuuot Co., Bmuon, IDdi., Bag. Rec, tdL 17, IM, 
pp. vn-41t, mpilaud In Tbs Cement IndHtt;, New York, IDOO, pp. D-M. 
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Other Etn&lysea of the shales o! this lonnation occurring ne«r Bronson, Coldwater, 
aitd at White Rock, c-oinpiled from Rim's report, are aa foUows: 

ATiaiffMt of Coldwattr thtUefrom llidtigan. 

[AobItiI, n. Hitt.] 



The Coldwator ahalei occur beneath the nirfici&l deposits throughout an exteiuive 
area in llie southern peninsulA, ■ ■ * but are seldom well exposed at the surhce, 
Aenot«d by Ries,' however, extensive outcropaoccuralonf; the shore of I^e Huron 
between White Rock and Forsyth and are favorably situated for flipping by water. 

At tnaiiy localities vrfiere suitable surface clays can not be had in connection with 
extensive marl deposits it may be found practicable to mine the undralying Coldwater 
diales, as was formerly done near Bronson, for use in cement making. 



The AaIw of the cokl-bearing rocks, which underlie an extensive area in the central 
portion of the southern peninsula and are well developed in the productive coal 
field of the Saginaw Valley, although frequently containing und, have in some 
instancea approximately the physical and chemical composition desired in cement 
making. The tact that these shales are frequently removed in the procen of coal 
mining and that facilities for transportation are available claim for them careful 
attention as a source of material for use in manufacturing Portland cement. 

Asstated by Riea,' three typesof shale in the Saginaw formation may be reccgoized, 
between which there ore intermediate gradalionB. These are- 
First. A lightfjtay, «Ki>dy, dtaly clay, often quite hard, called "fire clay," and 
not infrequently containing fossil plants. Shale of this character is present beneath 
a coal seam at the mines of the Standard Mining Co., near Saginaw, and has the 
(olbwing composition; 

AttaigtuqfihaU/rom Saginaw, Midt. 
(AoalrM, H. Stat.) 

SfflfcaCSK),) 66.30 

Alumina (AljO,) H.20 

Ferric redde (Fe^O.) 3.62 

Calcium carbonate (OaCO^ 80 

Ifapneaium carbonate (MgCO») 2.61 

Alkalies (K,0, Na^) 2.16 

Water and organic matter 21.82 

100.00 
Fluxes 8.68 

1 OmI. Sams Ulcbltui, vol. 8, p[. 1, 1900, p. 44. < Idm, pp. 1^30. 
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Thiti ahale is evidently too low in alumina and iron in proportion to the Mlka 
preeent to be used to advantage in the manufacture of Portland cement as dot 
prat^ticed. 

Second. A black, fine-gnined, brittle diale, with dull luster, sometimeB termed 
"cannel cool." It contains much bituminoua matter and would not serve well foe 
the manufacture of clay products (Riee). 

Third. A dark, gnyiali-black, fine-grained, hard, yet brittle, shale, which ie appre- 
ciably plastic when ground and mixed with water. Shale ot this type is found in 
several of the mines near Saginaw and Bay City and is quarried at Flushing for tbe 
manufacture of paving brick. Similar shales are associated with coal seuna ne«r 
Jackson and may be expected to occur throughout the area indicated as being occupied 
by the Saginaw formation. 

Thechemicalcompoeitionof the shales just referred to is indicated by the ftdlowing 
analyses: 

AitalyKt o/thaUi o/tht Sagmate/onnalion. 
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t itasto from PlLddng. Andnl, H. Rta. Ottt. Sarmj UoUon, tdI. S, pt- I. 

3 ami 3. Blula uaoelaud mth ooal at B*r Clt;. Ansl]«, A. N. Clsrk. Idem, op. 35-36. ^ „_, -, 
4, S, and S. CaJ ralua at Ba; CItr. AmItb* tumlshid itj tbi Hfob Fortluid Otowiit aod Co^ CO. 
AnalTili, Latbbury (ltd SpaokiDaa. 

As shown by these analyses, the shales <d the Saginaw formation as a rule are lower 
in silica Qian is deemed desirable for use in making Portland cement, but certain beds 
have been leconunended by experts in that industry. Evidently any layer ot shale 
in the Ssginaw fonnation which can be economically mined, and which is free from 
sand and other objectionable eubetancee visible to the eye, should be carefully teeted 
and experimented with in connection with the industry under review. 



Surface claye deposited during the Pleistocene period of geological hiet<»y — that 
is, at a late date and after tbe land had about its present relief — are abundsiit through- 
out Michigan. These clays were in part left on the surface (A the country directly by 
the ^acieiB during the last ice invasion of the Glacial epoch ot, in some instaDcee, by 
streams flowing from the glaciers; in part were laid down in small lakes and in the 
waters of the Great Lakes when more widely expanded in cwiain directions tlian at 
present, and in part were spread out in the flood plains <d stnams. llieae three 
varieties may be termed, to adopt the dassificaticm used by Riee,* drift cfayn, late 
clays, and river silts. 

The drift clays are invariably calcareous and usually centain sand, sh»ieB, and 
bowlders and show much variation in composition. They are the most abundant of 
the surface clays and frequently form the hills and upland. In numerous instances 
they are used in the manufacturo ol bricks, tiles, etc., although in general not well 
adapted for this purpose. On account of their usual sandy and stony character and 



> OeoL Surra; UctHfan, vol. S, pt. 1, 1000, p. «. 
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iiTpf^ularitiee in composition, they tre seldom worth investigating in reference lo the 
makitig of Portland cement. In some exceptional instances, however, the facial 
clays are essentially free from gravel and sand but contaia at intervala irr^ular 
nodules ot calcium carbonate, which, it the material were used in making cement, 
would necessitate great care in "■'•"^ig tmd grinding to form a Blurry. 

The chemical compositioD of typical examples of drift clay, when free from gravel 
and nnd, is here presented: 

Analyta of drift elagi. 
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' " ' FiBidabad b; Slaodard Portlaiid Omenl Co. AnalyBls by E, D. 
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4. Fnm Ionia, Ionia Connty. Analyill by 
pp. Sl-U. 
h. Fnnn tMv Jaokvn, Jadooii Cmaty. Analysb 

two, pp. se-M. 

E. From Springpat Towmhlp, laekam County. 
Uleblgan, toTs. pt. 1, ISOD, p. <0. 



The lake clays are well represented, especially about the border of the southern 
peninsula, as between Detroit and Ypeilanii, about Fort Huron, 8outh Haven, widely 
over the Saginaw Valley, and in numerous local basins throughout the State. In the 
Upper Peninsula extensive deposits of exceedingly fine grained, laminated pinkish 
clay, deposited from the water of lAke Superior when more widely eipanded than 
now, occur in abundance at Sault Sle. Ham and have a wide distribution westward, 
ae at Uarquette, Kacanab*, etc. The chemical composition of this extensive deposit 
is indicated by analysiH 6 in the following table, which shows that it is suitable for 
cement making. 

The river silta occur on the border of many streams, sometimes in terraces a few 
feet above their surfaces. Although in many instances available for brick and tile 
inabing, they are usually too nndy to be employed in manubcturing Portland 
cement without being ground, so as to have the requisite degree of fineness— that is, 
to as to pan throng a sieve with 150 to 200 medtee to the linear inch. No analyses 
of typical examples ot the river silte are available, but ai the deposits are derived 
mainly from the drift clays, they no doubt have the same composition, lackii^, 
perhaps, some of the calcium carbonate and alkaline aalt& 

The lake clays here referred to are characteristically fine grained, many times 
almost entirely free from grit, highly plastic, and uniform in composition. AHshomi 
by numerous chemical analyses, however, they are what are termed "lean clays"; 
. that is, not high in alumina and ferric oxide in proportion to the silica present, and 
uot, as a rule, considered favorable for cement making. These properties and the 
usual presence of lime, together with the frequent occurrence of sulphuric anhydride; 
are ihown by the analyses following. 

i.ir. Google 
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Analgut of laaulral daft Jroin Michigan. 
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>iuity. AnalTiiiby E. - . 

iibTH. R[M. Oeot. Surrey lUchlnn, vol. 8, pt. 1. lHn,aU. 
a. T>«auuuiH>i usDuiK oiinentmslElnc b; tbe Ucblgui AlkoB Co. AastTidsby O. Bnttm. 
e. BuittBt»lIul«. Analyab by E. S. (WpbeU. * 

Tn general it may be said that the auriace clays of the Southern Peninsula are not 
Eavorable (or use in making Portland cement, although some qI the etany clays, if 
cradled sufficiently fine, may be employed (or that purpoae. Reference ia not here 
made to the decomposMl outcrop of the ahalee described in the preceding section, 
which might perhaps bo taken for surface clays, some of which have been used with 
Eav<»able re«ulta. In reference to the eurbce clays of the Northern Peninsala little 
accurate informatioQ is available, excepting the analysis of a representative sample 
of the extensive deposit of pink clay near Sault Ste. Marie, given above. 

In a summary of the results of Ries's investigations of the shales and clays of 
Michigan, already referred to several times, A. N. Clark remarks as follows: ' 

"For use in the maniihcture of Portland cement the diaieeof theCoMwater aeriee 
are best adapted. The shales of the Michigan series are also good if not too high in 
soluble salts. Some of the (^1 Measure shales, which are often too gritty, and some 
of the clays derived from the weathering of these shales or the Devonian black diales, 
may be suitable. Surface dejraeits of clay of any size are, almoat without exception, 
either too calcareous and irregular in composition or too gritty to be desirable." 

The difficulty of obtaining a suitable clay to use in connection with the marl 
deposits of the southern portion of the Southern Peninsula has led several of the 
Ptolland cement companies now in operation in that r^on to employ clay brought 
from Ohio, The most of this material comes from Milbury and Bryan and is a 
lacufltral clay, deposited from the waters of the Erie bssin (Glacial I*ke Warren) 
irtien more widely expanded to the southwestward than now. Its composition is as 
fotlows: 

ATm^iei o/ Ohio dagi. 
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After one attempt to manufacture Portland cement in Michigan 
1 the early seventies, no serious effort was made to reestablish the 
idustry until 1897, when the Peerless and Bronson plants went into 
peration. Prom then on the growth of the Michigan industry was 
jr a time very rapid but along rather peculiar lines. The abundant 
eposits of fresh-water mart in the State led to the erection of a 
umber of plants to use this raw material, and the use of a naturally 
"et raw material led in turn to the general adoption of the wet 
rocees of manufacture. This was carried so far that at the original 
Ipena plant a hard dry lixoestone was treated by the wet process. 
Writing of the industry as it was in 1901, Russell ' presents a table 
lowing that 7 plants were in actual operation at the beginning of 
lat year and that 17 more were in different stages of construction 
: promotion. Of this total of 24 plants, no less than 22 were designed 
I use marl as a raw material, one to use timeetone by wet process, 
id the other to use alkali waste by the wet process. This curious 
sveiopment, it must be borne in mind, had taken place in a State 
ith no local supply of good fuel, for all of these wet process plants 
ere run on coal brought into the State, mostly from West Virginia. 
As early as 1900 iGchigui had attained third rank among the States 
< a cement producer, being surpassed only by Pennsylvania and 
ew Jersey. This rank was maintained through 1904, but in 1905 
Jchigan dropped to fourth, being displaced by Indiana. In 1908 
!ansas and Illinois also outranked Michigan as producers, while in 
H)9 the increase in California and Missouri pushed Michigan back 
> eighth place, where it remained tmtil 191 1 . Eleven plants were in 
leration in Michigan in 1911. 

It is perhaps hardly necessary to say that this gradual fall in rank 
I a producer does not imply any decrease in the actual annual output 
: the Michigan plants; on the contrary the State is now a larger 
roducer than ever before, its output during 1911 having been more 
lan 3,500,000 barrels. The loss in relative standing is simply due 
p the more rapid growth of the industry in other States. 
In 191 1 there were 11 plants producing Portland cement in Michigan, 
t Alpena the Huron Portland Cement Co. utilizes local limestone 
I the Traverse formation and shale, also of Devonian age, from 9 
ilea west of Alpena. The Burt Portland Cement Co., at Bellevue, 
ies limestone and clay; the Newago Portland Cement Co., at Newago, 
hose plant was built to use marl, now uses limestone and clay; the 
Ik C^ent & Lime Co., at Elk Rapids, uses limestone and shale; the 
Wyandotte Portland Cement Co., at Wyandotte, uses limestone and 
i»y; and the following plants all use marl and clay: The Peninsular 
orljand Cement Co., at Cement City; the Wolverine Portland Cement 
o-> ftt Quincy and Coldwater; the New ^toa Portland Cement Co., 

> Tincity.«MODd Aon. Bept. U. B. OmL Sumr, pt S, VMS, pp. eB4-«I. 
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at Fenton; the Omega Portland Cement Co., at Mosherrille, and the 
Peerless Portland Cement Co., at Union City, 

The Michigan Portland Cement Co. rebuilt on the site of the former 
Millen Portland Cement Co., at Chelsea, and began manufactuiing 
in 1911. The New Bronson Portland Cement Co., at Brouson, is 
undergoing reorganization ; the plant of the Egyptian Portland Cement 
Co., at Fenton, is Reported to be idle, as well as that of the Alpeoa 
Portland Cement Co., at Alpena. All the inactive plants used marl 
and clay exclusively, except the Alpena plant, which used also lime- 
stone from the Traverse formation. Coal is used as fuel in all (he 
Michigan plants. 
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PORTLAND CEMENT RESOURCES OF MINNESOTA. 

Of the limestones occurring in Minnesota, only one (the Platteville 
limestone, pp. 175-177) is commonly sufficiently low in magDesium 
carbonate to be considered as a Portland cement material. Ulrich 
states that this nonmagnesian formation is well developed in southeni 
Minnesota, particularly in the vicinity of WyckoS and Spring Valley. 
It is also well exposed near Faribault. The pure limestone beds in 
these localities are both underlain and overlain by shale, which might 
prove available for use in mixture. 

Id addition to the rather scanty natural raw materials whose 
presence in Minnesota is briefly noted above, the laige amounts of 
slag available at the Duluth blast furnaces of the United States Steel 
Corporation furnish another and more important source of supply. 
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PORTLAND CEMENT RESOURCES OF MISSISSIPPI. 
FOBTLAin) OBMBNT KATKKXALS. 

DISTBIBUnoN. 

No cement, either natural or Portland, has ever been manufactured 
in Mississippi. Several large areas of limestone occur in the State, 
however, and at least one of these areas is so well located with respect 
to transportation routes as to give promise of future importance as a 
source of Portland cement material. This area in one portion has 
access to excellent fuel supplies at low cost. 

The available cement limestones of the Stat^ may be grouped as: 
(1) Devonian and Mississippian ("Lower Carboniferous") limestones 
of northeastern Mississippi; (2) Cretaceous limestones (Selma chalk 
or "Rotten limestone") of eastern Uississippi; (3) Tertiary lime- 
stone (Vicksbui^ limestone) of central Mississippi. The Tertiary 
limestones are the most promising as the possible basis of & cement 
industry. 

The distribution of these three limestone groups is shown on the 
geologic map (PI. II), which is based on the work of A. F. Crider and 
the writer for the Mississippi and United States geological surveys. 

DEVONIAN AND HISSISSIPPUTN ("lOWEB CABBONIFEROUS ") LIME- 
STONES. 

In the extreme northeast comer of Mississippi, in the counties of 
Itawamba and Tishomingo, a small area of Devonian and Carbonifet^ 
OU8 rocks includes shales, thin sandstones, and limestones. The 
limestones, which are of both Devonian and Mississippian ("Lower 
Carboniferous") age, are commonly low in magnesia and are others 
wise suitable for Portland cement materials. At present, however, 
the most promising localities have no adequate trai^portation 
facilities. This fact, together with the nearness of the soft and 
easily crushed Selma chalk, will probably serve to prevent any great 
development in this area in the near future. 

The following section from this region, by A. F. Crider,' is fairly 
representative of the Devonian rocks here : 

Section of Devonian nxtt on Yellow Creek, Mitt. 

Feet. 

1. Thin-bedded impure limestone at baae, changing gradually to a bluish lime- 

Btone at top of clift 95 

2. Compact blue limestone, DonCosailiferous 40 

3. Dark-gray limeetoDe containing many Devcinian foMils 10 

4. Dark pure limestone to water's edge 6 



1 Bnll. Hl^^ppl QeoL Sum; No. 1, 1907, p. 77. 

48834°— Bull. 522—13 15 
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From other exposures and well data it is probable that the total 
thickness of the Devonian limestonee in this area is far in excess of 
that shown in the above section and that it may reach 500 feet or 
more. 

Hie following analyses ' are of samples of Devoniau limestoneB from 
this portion of Mississippi : 
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None of the above analyses are above suspicion, but they are the 
best at present available. If correct, they indicate cherty rather than 
shaly limestones. 

In the Mississippian ("Lower Carboniferous") rocks trf this area 
occur beds of ooUtic limestone closely similar in character, compo- 
sition, and geologic age to the well-known oolitic limestones of the 
Bedford, Ind., district. 

llie following analyses ' are of samples of Caxbouiferoua limestones 
and shales from Tishomingo County, in northeast Mississippi: 



Anaiyiet of Carboni/erwis limatona andthaU, Ti^omingo Cotatly, Miat. 
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1. Limestone trom Cypre» Pond. 

2. Unuotmc tram wim Brldgt, Bw Creek. 

3. Slule trom Iflnga Bridge, BtK Cmk. 

CBETACEOU3 LIMESTONE (SELHA CHALK OR " ROTTEN LIMESTONE'*). 



The Selma formation of the Cretaceous is a tliick series of chalks, 
chalky Umestones, and more or less limy clays, well exposed in 
eastern and northeastern Mississippi. (See PL II, p. 68; and pp. 

77-82.) 



1 Op. dt., p. 3H. 



> Op. dt., p. 30. 
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The Selma chalk attains its maximum thickness in central Alabama, 
reaching a total of about 1,200 feet. Westward it thins slightly, the 
well at Liviogston, Sumter County, Ala., giving a total of 930 feet, and 
the well at Starkrille, Olctibbeha County, Miss., taken in connection 
with surrounding outcrops, indicating a thickness of at least 700 feet. 
As the belt turns northward toward Tennessee the Selma chalk 
decreases rapidly in thickness and the limestone beds contained in 
the formation become fewer and thinner until ia Tennessee the 
Selma is a thin series of somewhat catcareous clays, with only a few 
beds of chalk. 

Owing to the rapidity with which the Selma chalk disintegrates 
when exposed to atmospheric action, surface outcrops give compara- 
tively little information in regard to the succession of the beds. 
Fortunately, a very precise section of the Selma chalk where it is of 
almost maximum thickness is embodied in the record of a well at 
Livingston, Sumter County, Ala.,' just south of the boundary be- 
tween the Selma and Ripley formations. The well reached a depth of 
1,062 feet, passing through the entire thickness of the Selma chalk 
and into the underlying Eutaw formation. 

According to Smith, the upper 20 feet are probably in part La- 
fayette and in part Ripley. From 20 to 950 feet the well was in the 
Selma chalk end from 950 to 1 ,062 feet it was in the Eutaw formation. 

The section of this well is given below: 

Section of well at UvvngtUm, Sumter CoutUt/, Ala. 
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> Smith, E. A., Rv<M on tb* itokicr <^ fM OotUal Plain 
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Daring 1904 the Sdma chalk was caivfully mapped throughout tbe 
Tombigbee River basia by A. F. Crider and the writer for the Uniud 
States Geolc^ical Survey. In later yeare Crider, as State geobgist 
of Misaisappi, covered the Missisrappi localities not visited in 190i. 
(See PL n, p. 68.) The foUowing descriptions of locabtiee were 
taken from Crider's manuscript notes and from his published reports, 
and rearrai^ed by the present writer uonaecutively, bepnnjng at the 
Mississippi-Alabama State line and going northward to the Misaasippi- 
Tennessee State line. 

KEHPER COUMTT. 

In Kemper County, 21 miles east of Scooba, on the west bank of i 
creek (PI. II), is the first outcrop of Selma chalk on the Scooba and 
Gainesville road. A sample taken from this outcrop by A. F. Older 
and analyzed by W. S. McNeil, in the laboratory of the United Slat«s 
Geological Survey, gave the following result: 

Analyni o/Selrna chalt near Seooba, Hit*. 

Saica(8iO,) 18.48 

Alumina (AljOj) \ g 97 

Iron oiide (FbjOj) , ' 

Lime carbonate (CaCOj) '-l-^ 

Hagnetdum carbonate (MgCO,) 6' 

Water 67 

On the west side of Quilby Creek, where it runs south along the 
State hue, 7 miles east of Sucamooche, the Selma chalk forms > 
small bluff. The prurie soil extends 2 miles farther west. On the 
east side of the creek, in Alabama, the Selma chalk forms a bluff 1 
little higher than on the opposite bank in IkCasissippi, exposing wbat 
is taken to be the top of the Sehna chalk. The top of the bluff is 
capped by s coarse-grained sandstone, cemented by lime carbonate. 
In it are lime concretions the size of a man's fist. 

The upper beds of the Sehna chalk also appear in the bluif on &b 
east side of Quilby Creek, 7 miles east of Sucamooche. 

A sample collected by Crider from an outcrop of Selma chalk on 
Scooba and Fox Prairie road, where it crosses Bodea Creek, about 
2 miles west of the State line, was analyzed in the laboratory of the 
United States Geological Survey by W. S. McNeil, with the following 
results : 

Analyiu 0/ Selma chalk from Bodea Creek, Miu. 

8Uica(SiO,) 10. W 

Alumina (A1,0.) I 5 « 

Iron oxide (Fe A) > 

Lime carbonate (CftCO,) 82. 47 

Magnesium carbonate (1^0,) Tr. 

Watef 82 
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Tbre.e miles north of Scooba the west border of the Sehna ch&lk 
outcrops in a series of hills forming the south bank of Wahalak Creek. 
The bottom of the Wahalak is here 1} miles wide, the south bank 
retreating more sharply than the north. The creek has cut its chan- 
nel into the Selma chalk, which outcrops almost continuously through- 
out its course. The limestone occurs up the creek about SJ to 7 miles 
northwest from Wahalak, but the Porters Creek clay occujaes the 
country on either side. The hill just east of Wahalak is of Port«rs 
Creek clay, which is not over 15 feet thick. 

A sample, coUected by Crider from the bed of Wahalak Creek, 
about 1} miles south of Wahalak, was analyzed by W. S. McNeil in 
the laboratory of the United States Geological Survey, with the fol- 
lowing results: 

Analt/$it of Selma f halt Tuar Wahalak, Uin. 

Silica (SiOa) 20.00 

Alumina (AlA) \ « q„ 

Iron oxide (Fe,0,) / '^"^ 

Lime carbooale (CaCO,) 68. 91 

Magneoium carbonate (MgCOj) Tr. 

Water 1.03 

NOXUBEE AND LOWNDES COUNTIBa. 

A sample of Selma chalk was taken north of Lime Rock, 5 miles 
east of Shuqualak, on Oaknoxubee River, Noxubee County, from a 
bluff 50 feet high composed of typical Selma chalk. The following 
analysis of this siunple was made by W. S. McNeil in the laboratory 
of the United States Geological Survey: 

Anabf»i» of Selma chalk Tteajr Shuqtialai, Mia. 

Silica (SiOj) 8.06 

Alumina (AljO,) i 

Iron oxide (Fe,0^ / ^'^ 

Lime carbonate (CaCO,) 8LU 

Magnesium carbonate (MgCO,) 06 

Water L32 

A sample of sandy limestone was obtained from the mouth of 
James Creek, on Tombigbee River, from uk exposure of a greensand 
clay containing a lai^e amount of lime. Fifty feet above the river, 
IJ miles west of the mouth of James Creek, another sample of lime- 
stone, similar in color and general aspect, except that it has less 
greensand, was collected. 

Farther west the limestone rarely shows at the surface. It is 
clayey in character and is easily dissolved by the weathering f^ents, 
so that it breaks down into soil faster than it is carried away by 
erosions. 
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Near Cliftonville, iriiich is 75 feet abore Tombigbee River (baro 
metric reading), a hard cap rock, 2 to 4 feet thick, is found on top of 
the hills. This is a hard "lime" rock, similar to that foiind at 
Prairie Point. 

Below this hard cap rock comes what is called the "blue rock." 
A sample of it seen at a well dug jears ago shows that it is similar 
to the rock at Cunningham Hill, except that it contains no sand. 
Where the blue rock comes to the surface it forms a belt of very 
deep, black, and loose soil — the richest in the prairie region. More 
cotton and com are raised to the acre here than in any other part 
of the State. 

West of this r^on the land becomes hi^er, and the Lafayette 
occupies the surface on the ridges. 

The limestone at and near Macon deserves special mention on 
account of its abundance, the ease with which it can be quarried, its 
nearness to deposits of clay, and the facilities offered for its trans- 
portation. 

The bluff on Noxubee River at the mouth of Macon Creek, near the 
town of Macon, is about 40 feet high and extends more or less 
unbroken to the mouth of Noxubee River. The entire bluff, except 
5 or 10 feet of surface soil, is formed of the Sehna chalk. Other 
outcrops occur along all the principal streams flowing into Noxubee 
River and in the railway cuts as far south as Scooba. 

The limestone, viewed from a distance, appears to be a homo- 
geneous mass of white chalk. On close examination, however, it is 
found to have an amygdaloidal structure, as if small fragments of 
limestone had been cemented into a compact mass. A few joints 
or stratification lines are visible. In places concretions of iron pyrite 
ranging in size from a buckshot to a hen's egg are embedded in the 
limestone. After long exposure to weathering agents the sulphide 
of iron changes to the oxide, leaving rusty iron stains on the rodcs. 

The following are analyses of the Umestone from the bluff at Macon : 

A7wlyte» of Sehna ehaH/rtmi Maam, Mitt. 



SIUl!B(S10,)... 

AlUQilna (AltOi 
Iran oUda (Fe,* ^^ 
l.lme carboDBla (ttCOt). . . . 
UtfiiiHiiiiii cvbonata (UgCi 

W»Wc 

Butidiiu lilgilda (BO,). 



lOi) I 

»kco:: I' 



sa.eg 



1. W. S. HcNell, U. S. fleol. Sinvev, uul^t. 

2. W. F. Haod, Btete ctmntat, Ai^Iniltural Co) 
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A sample of limeatoDe was collected from the ridge land 3 milea 
north of Macon and analyzed in the laboratory of the United States 
Ge-)logical Survey with the following results: 

ATUtlytia o/Sebna dtalkfrmn ioealily norih 0/ Maeon, Mitt. 

Silica (SiOj) 8.62 

Alumina (AljO,) 1 - <« 

Iron oxide (FeaO.) ] 

Lime carbonate (CaCO,) 83. 88 

Magneaium carbonate (MgCO,) 0. 00 

Water 1.00 

Farther south, along the Macon and Columbus road, the limestone 
shows in every gully and on every hillside. At some places on level 
ground the soil is not over 12 inches deep. In this vicinity are the 
bald prairies, where large areas of this white limestone are exposed 
mthout a particle of soil or a blade of grass. A sample of the rock 
was taken 3 miles north of Macon. 

A sample of Selma chalk was taken from an old rock quarry on the 
southwest side of Bogue Chitto Creek, one-half mile east of Prairie 
Rock, which is 12 miles east of Macon. This limestone is much harder 
than that along Oaknoxubee River, in the vicinity of Macon. In the 
unweathered state of the Macon rock it is very soft and noncrystaUine 
and can easily be pierced by a pick; but the limestone near Prairie 
Rock, however, is a hard so-called "flint rock," crystalline in charac- 
ter, and is used for building purposes. The rock at Macon, when 
exposed to the weather, becomes white as chalk; that near Prairie 
Rock weathers to a dirty gray and contains some traces of iron stain 
on the weathered surfaces. This is due to the oxidation of the iron 
sulphide (pyrite), which is found in small concretions in the fresh 
rock. 

An analysis of this limestone at Prairie Rock, made by W. S. McNedl 
in the laboratory of the United States Geological Survey, shows that 
the stone is very pure, in spite of the manner in which it discolors 
on weathering. 

Analytit ofStlnta chalk from Prairie Soek, Miu. 

Silica (SiO,) 1.13 

Alumina (AljO,) 1 

Inra oxide (FejOj) ( 

Lime carbonate (CaCO^ 98.36 

Magneaium carbonate (MgOOs) Tracp. 

Water 40 

The rock breaks down easily when exposed to the weather and 
hence is not now extensively used for building purposes. It is, 
however, the only road material found in this section of the country. 
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It has been used on the road acroea Bogue Chitto swamp but is 
unsatisfactory. 

In southwestern Lowndes County excellent Portland cement ma- 
terials are found along the divide between Tombigbee and Noxubee 
rivers. 

On J. B. Brooks's land, near Crawford, much of the overburden 
has been removed, leaving the white Selma chalk at the surface. The 
limestone from this place contains about the proper proportions of 
lime carbonate, alumina, and iron oxide for Portland cement. It 
contains a small amount of magnesia but not enough to injure it. 
To make a suitable cement this limestone must be mixed with a clay 
containing a low per cent of silica. . 

Atutlytu of Selma chalt/rom Crawford, Mist, 

SUicft{8iOJ 8.SS 

Alumina (AljOj) -i 

Iron oxide (FejO,) / ^- ^ 

C&lcium carbonate (CaCO,) 79. 73 

Magneeia (MgO) 1.22 

Loae 1.88 

OKTtBBKHA COONTT. 

In the eastern half of Oktibbeha County the Selma chalk is ch&i^ 
acteristically developed. A few small patches of the Lafayette 
remain on some of the divides, but the rest of the surface is formed 
by the re»dual loam of the "prairie soil" and the white rock of the 
Selma. One to ten feet of Selma chalk may be seen in almost eveTy 
cut along the Illinois Central Railroad from Staricville to West Point, 
and similar outcrops occur along the Mobile & Ohio Kailroad from 
Stsrkville to Artesia. The thickness of the Seima in the city well at 
Starkville is about 750 feet, and 50 feet or more is exposed in the hills 
to the north. 

The following samples of Selma chalk, collected by W. N. Logan 
from Oktibbeha County, were analyzed with the following results: 

Analymt of Selma chalt/rom OtUbbtha County, ifitt. 






-(810.) 

nlDa(AliOt) 

ailde<P(«Oi) 

Jme(C&0) 

'otatdBDiatlartCOi) 

CMiUi>lum oxide OIrO) 

^ihur trtoxlde (SOi) .- 

[oMnrB 

I. AgrlcuHunl Coltegc. 

Z. VtaiOBbom. 

3. Rvyncdds Rum, ■ mile mat olStwkvlUe. 



9.M 20.a0 



3§.«E 21.81 
«2.06 23. IS 



4. Howard brickyard, B 

6, Howard brickyard, S.~..iiKr. 

6. Haybev road a mile eaat ol AgrlcultmttI CoUece. 
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The character of the Umestooo from other localities in Oktibbeha 
County is shown by the following analyses: 

AwUytet ofStlma dtali/rom Oktibbeha County, Hit*. 
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One of the best exposures of the Selma chalk in the northern and 
central portions of the Selma area b found in the town and vicinity 
of Okotona, in Chickasaw County. In a few places the sandy loam 
of the Lafayette formation is present, but over the greater portion 
of the area it has been removed, leaving lai^e patches of exposed 
limestone known as "bald prairie." The limestone has become 
white by reason of long exposure to sun and rain, in this respect 
resembling the "white chalk" exposed in the bluffs along Noxubee 
and Tombigbee rivers. 

Numerous outcrops of the Selma in southeastern Chickasaw and 
western Clay counties have been carefully described by Hilgard.' 

The country is dotted with outcrops of the Selma chalk along 
Chookatonkchie, Houlka, and Okatibbeha or Tibby creeks and on 
the eastern slope of Pontotoc Ridge, projections of which extend 
southward between the above-mentioned streams. The limestone 
in northwestern Clay County has been penetrated in wells at a depth 
of about 500 feet. 

A sample of the limestone from the railroad cut at the Mobile & 
Ohio station at Okolona was burned in a forge at a white heat for 
15 minutes and was slaked by pouring water on it; it immediately 
broke down into a beautiful white lime. The following analyses 
were made of this limestone: 

AiialytM of Selma ehaH/rom OhoUma, Miit. 



SUIca<S10i). 

Alumbu (AltOi) 

Irao oifda (F^) 

l.liiia(vboiul«(C>0) 

UignetluDi carboDaU (llgO) 

V<&Ul8 nailer (COi) * 

Snlpliiir trtoxMa (BOi) 

Mobtnn.. 

1 Hflprd, B. W., R«pon OQ 
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LBR COUNTT. 

The town of Tupelo is built in the valley of Oldtown Creek, a lai^ 
tributary to Tombigbee River. In the lower portions of the town 
the alluvial Boil is 20 feet thick. The hills to the east have a thin 
covering of Lafayette. To the northwest the Lafayette and residual 
f^lma form the fertile farming land. The Selma chalk itself is found 
only in wetls. Below is the record of an averse artesian well in 
Tupelo: . 

Rttord of arlfiian tctll in Tupelo, Mitt. 

Surface Boil 20 

" Blue rock" with aonieaand (Selma) 100 

Blue limestone (Selma) 130 

Pine gray sand, water bearii^ 10 

Clay ("soapstone") 4 

White sand, water beiaring 10 

Clay ("Boapitone") 20 

Fine white Band, thickneea undetermined. 

The above record shows 230 feet of Selma chalk. The upper 100 
feet of "blue rock" is reported as contuoing some sand and is per- 
haps a calcareous greensand or else is a stratum in the Selma not 
yet discovered at the surface. The latter theory is hardly probable, 
however, as so great a thickness would not have escaped detection 
in the detailed work on the formation in Alabama and along Tom- 
bigbee Kiver in Mississippi. 

The first cut on the Mobile & Ohio Kailroad south of Tupelo exposes 
the Selma from the surface to the bottom of the cut. All the deep 
cuts from Tupelo to Verona penetrate the surface soils and reach 
the Selma, which is also shown by outcrops on the sides of the wagon 
road and in the open field about 2J miles south of Tupelo. In other 
places along the road between Tupelo and Verona and in numerous 
places west of Verona the Lafayette has been removed by erosion, 
exposing the Selma. On the more level lands the residual soil of 
the Selma forms the well-known "prairie soil." During the rainy 
season the constant kneading of the "prairie soil" by wheels of 
vehicles and horses' feet forms a tough, plastic clay, which, when 
once recognized, can never be mistaken. Even if there is no out- 
crop of the Selma near, the "prairie soil" indicates that the Selma 
is but a few feet or perhaps a few inches below the surface. 

A sample of the Selma collected from the roadside about 2} miles 
south of Tupelo shows the following analysis; 
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Analyiii ofSelma thaik 3^ mile* louth of Tupelo, Mitt. 

Silica {SiOJ 22.76 

Alumina (A1,0,) 4.56 

Iron oxide (FojO,) 6.46 

Lime{CaO) 34.31 

Magneeift (MgO) 05 

Volatile iiutt«r (CO,) 28. 26 

Sulphur trioxide (SO,) 43 

Moisture 2. 10 

Fine exposures of the Selma are found on Coonewah Creek, about 
5 miles west of Tupelo. It is overlain in places by 6 to 10 feet of 
yellow clay. The Selma continues westward to 3 or 4 miles of 
Pontotoc. In southeastern Pontotoc County it is reported to be 
750 feet thick. 

A sample of the Selma, collected by W. N. Logan a mile west of 
Tupelo, on the Tupelo and Pontotoc rood, shows the following 
analysis : 

Atialyiit of Selma chalt a mile vett of Tupelo, Mitt. 

Saica(SiO,) 14.84 

Alumina (Al.O,) 15. 59 

Iron oiide (FcjOj) ■♦■SO 

Ume(CftO) 32.89 

Magueaia (MgO) 41 

Volatile matter (OOi) 27.10 

Sulphur trioxide (SOj) 3.30 

Moisture 1.08 



In the deep cut on the Mobile & Ohio Railroad in the town of 
Booneville, the typical Selma chalk is exposed beneath s thick 
covering of sandy loam (Lafayette). The compact nature of the 
Selma prevents water from penetrating it, hence many weUs obtain 
water from the base of the Lafayette, and many small springs issue 
from its contact with the underlying Selma. 

From a well record it is found that the limestone at Booneville is 
52 feet thick. One-fourth of a mile east it is only 25 feet thick, and 
three-fourths of a mile east it is absent. It outcrops in the hills 
weat of the town and is encountered in all the deep wells as far west 
as Jumpertown. Tlie Mobile & Ohio Railroad follows approximately 
the eastern limit of the Selma between Booneville and Tupelo. The 
eastward extension of the Selma at Booneville is due to the fact that 
the divide between the waters of Tuscumbia and Tombigbee rivers 
has suffered but little erosion. South of the divide the headwateis 
of Tombigbee River have carried away a laige amount of the Selma 
and have caused the outcrop of the contact between the Selma 
chalk and the undeiiying greensiuids of the Eutaw formation to 
swing westward in the vicinity of Wheeler, Baldwin, and Gimtown. 
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At Guntown the lowest beds of the Selma are exposed juBt north 
of the station in a railway cut that ahows a compact ledge of fossil- 
iferous limestone about 2 feet thick dipping strongly south and 
underlain by a bed of greensand, which extends to the bottom or 
the cut. The main body of the Sehna lies west of Gunt^wn. Tba 
baaal members here as elsewhere contain too much sand to be used 
in the manufacture of Portland cement. 

AUX>BM COONTT. 

Corinth ia built in the valley of a small stream which flows into 
Tuscumbia River, On the west side of the town a low range of hills, 
rising 30 to 40 feet above the valley, is cut by the Southern Railway 
about one-eighth mile west of the station. The cut shows 6 to 8 
feet of surface .sandy loam, widerlain by an equal thickness of Selma 
chalk extending to the bottom of the cut. The Sehna at this place 
can hardly be called a limestone. It is the "blue rock" which occura 
near the bottom of the formation and is more properly a compact 
calcareous clay, which can be broken into rectangular blocks, and 
which shows small needle-like crystals of selenite in the cracks and 
on exposed surfaces. The thickness of the Selma at Corinth is less 
than 100 feet. 

The following analysis shows a high percentage of silica, a condition 
characteristic of the lower beds of the Selma. Higher in the formation 
the percentage of lime steadily increases, and the siliceous material 
correspondingly decreases. Purer limestone is found in the railway 
cuts west of Corinth. 

ATtali/rii ofSrlma dialtfrom Corinih, Mitt. 

SUica (SiOj) 25. 40 

Alumina (A1,0,) 6-88 

Iron oiide (FcjO,) 8.62 

Lime(CaO) 26.37 

Magnenia (MgO) 58 

Volatile malt«r (CO,) 23.70 

Sulphur trioxide (SOj) M 

The Selma underlies the surface covering for 6 to 10 miles west of 
Corinth and for 3 miles east. It gradually thins to the east and 
disappears completely in the low north-south hills 3 miles east of town. 

At the western end of the 90-foot cut on the new line of the Illinois 
Central Railroad, 3 miles east of Corintli, the blue limestone of the 
Selma extends to the bottom. At the eastern end it forms a thin 
stratum and farther on disappeara. The lowest member of the Selma 
is underlain hy a bed of oxidized calcareous sand bearing fossils. 

The Selma is exposed in almost every cut of any depth along the 
Southern Railway from Corinth to the Tennessee State line. A few 
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hundred yards west of Weoasoga, 12 feet or more of bluish calcareous 
clay are exposed in the railway cut. At the little town of ChewaUa, 
across the line in Tennessee, it was penetrated in a well having a 
depth of 360 feet, at least 300 feet of which is limestone. 

The Selma is encountered in wells at Dwiville, Kieazi, and Thrasher 
near the eastern edge of the Selma, where, as shown by the well 
records, it contains more or less sand. The towns are on the Mobile 
& Ohio Bailroad, which follows along the second bottoms of Tu»- 
cumbia River, where no outcrops of the Selma appear. 

TEBTIABT LIMESTONE (VICKBBUBQ LIUSSTONE). 



A narrow belt of limestone of Tertiary age crosses the State from 
near Waynesboro to near Vicksburg. This is the Vicksburg limestone 
wluch, together with the underlying Jackson formation (marls and 
clays), is equivalent to the St. Stephens limestone of Alabama. 
(See pp. 82-85, and PI. II, p. 68.) In Mississippi the Vicksburg Ume- 
stone generally outcrops hi a low ridge that trends generally a little 
north of west. The southern slope of this ridge is gentle, but its 
northern face is sharp, making it easy both to locate the outcrop and 
to quarry the limestone. 

LOCAL oocvtaxactB OF vioxsBinta umxbtohb. 
By A. F. CUDBB. 

OENERAL PEATnRBS. 

In Missifisippi the Vicksburg includes thin beds of fine-grained 
nonmagneeian limestone 1 to 4 feet thick, alternating with highly 
calcareous marl beds more or less indurated in places and hearii^ a 
rich fauna of OUgocene age. Some of the ledges of limestone make ex- 
cellent building stone and lime, but t^e great amount of interbedded 
marl and surface material make quarrying unprofitable. 

The alternating nature of the limestone and marl is shown in the 
following section of the bluff at Vicksburg,' between the city and the 
National Cemetery: 

Section of At bluff at Vidtburg, Uiu. 

1. Fint etntum of limeHtone from top, overlain by luese 10 

2. Gray to yellowish marl 9 

3. Heavy-bedded limeetoDe 46 

4. Indurated nuwl 34 

6. Thin calctLreouB plastic clay 2 

6. Induiated nurl 6 

7. Clay Bimilw to No. 5 2 

' Ciider, A. F., O«alogr and mloeral rasoorca of Ubdarippl: BuIL U. a Oad. Barray No. Va, \tai,. 
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8. Iadiml«d marl b 

9. Clay i 

10. Hud luneelone IS 

11. Clay and marl IS 

12. Indurated marl 21 

13. Limeetone IS 

M. Gray marl 18 

15. Limestone IS 

16. Marl 3-6 

17. Hard limeelones 52 

18. Mart 6 

19. Limestone ?7 

20. MmI 17 

21. Limealone a) 

22. Mart 45 

The above seitiou contains 17 feet 5 inches of hard limestone and 
16 feet 8 inchea of marl and clay. The impracticability of using the 
hard limestone without usuig the mart and the clay is at once apparent. 

One of the special features in the study of this formation has been 
to determine the possibility of utilizing the marls in combination with 
the Umestone in the manufacture of Portland cement. A lai^e num- 
ber of analyses of the m&rls from difTerent localities show that thej' 
contain no large amounts of injurious properties and can be used for 
eement as theiy come from the quarry. The maris and the claj's 
supply tlie silica and alumina for Portluid cement and are therefore 
of equal value to the limestone. In fact, a general average of the 
analyses of the limestones and the interbedded marls gives the 
desired mixture for a Portland cement, without the addition of other 
materials. 

In the central and eastern parts of the State the "Mcksburg is more 
homogeneous than it is in the western part. In Smith County it is 
s soft porous limestone known as the "chimney rock." It is quar- 
ried for chimneys and foundation pillars by sawing it into any 
desired shape with a large saw. On exposure to the air it hardens 
and lasts for 30 to 40 years. The "chimney rock" is one of the 
purest forms of the Vicbsburg limestone. 



The typical locaUty of the Vicksburg Umestone is in the bluff in 
and near the city of Vicksbui^. In the bluff overlooking Mississippi 
Biver just below the oil mill, one-half mile south of the confluence 
of Yazoo and Mississippi rivers, is a limestone outcrop SOO feet long. 
On the slope above the oil mill the Umestone underlies a thin veneer 
of soil. It is exposed in a few places between the oil mill and the 
National Cemetery. Its top forms a benchlike terrace which 
extends back to the foot of the loess bluff. 

, NzedbyGoO^le 
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Section of Victtbvrg lirtuitone at oil mill, 2} mila $oulA oj Vidatbvrg, MUt. 

Pnt. 

1. Loen in the bluff back from the river 100 

2. Marl 2 

3. Ledge of hard limeM«ne 3 

4. Bed of soft marl 3 

5. Ledge of limcBtone & 

6. Marl stratum 5 

7. Ledge of bard limestone 5 

8. Hard limestone 3 

9. Bed of compact marl 5 

Water's edge. 

The thickness of the exposure in the above section is about on^ 
third the entire thickness of the Vicksburg limestone. 

Analyses of each stratum from 3 to 9 inclusive appear, corre- 
spotidingly numbered, in the table below. Anal>-sis 10 is of a hme- 
stone from Steels Bayou, Vicksburg. 

AnalyKgoflimaloneandmarltfrom Vidctburg tiiruitone at Vidctbvrg, Hit*. 
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A small fragment of limestone from each of stratums 3, 5, 7, and 8 
was pulverized and the mixture analyzed with the results given in 
column 1 below. A similar analysis was made from a mixture of 
the marls with the results given in column 2. 

Analytet of limetltnu and marlt /mm Vid:tburg limetlon^ at Vicktbiirg, lliu. 



Billc»(Si0,) 

AlumlBKAliOi} 

Iron oilde (F(A) 

UnwCCaOt 

CwbcM<ll(nlde<COi) 

HagiKsIa (HgO) 

AltaH{&0) 

SolpbuTlii inbrdild* (80|) 

PbasplMdoiaId(PtO() 

loKilDbto mUtcr, iralulls (orpnic) . 



The Vlckaburg outcrops at intervals in the bluff from the city of 
Vicksbui^ to the town of Eedwood or beyond; the limestone occurs 
beneath a thick overburden of Lafayette and loees, which attains a 
mazimum thickness of about 175 feet. 

Digit zed by Google 
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In the hills south of Vicksburg the "Grand Gulf clays" are found 
on the hillsidee and in the bluffs beneath the loees and the Lafayette, 
in places as a highly plastic gray clay interbedded with aluminous 
sandstone. A sample collected 5 miles south of Vicksbui^, on the 
old Roche land, was analyzed with the following results: ' 

Analyni o/elag 5 miU* loulh of Vietibury, JVui. 

8Uica(SiOJ 58.50 

Alumiim (A],0,) 19-04 

Ferric oiide (Fe,0,) 1-93 

Lime(CaO) L48 

Magnesia (MgO) L66 

Sulphur trioxJde (SO,) Tnce. 

Moisture 3. 19 

Loss on ignition 8, 26 ' 



The Vicksburg limestone outcrops in the hills northwest of B^Tam 
and is exposed in the railway cut a mile north of the station. The 
hard limestone on the little hill west of this exposure was formeriy 
used for making lime. 

Hard limestone interbedded with indurated mad is exposed in the 
banks of Pearl River from about one-fourth mile below to 2J miles 
above Byram. The rocka show a gentle fold whose axis extends 
approximately east and west. 

Samples of limestone and marl from the bank of the river at Byram 
were analyzed, with the following results: 

Attatgiei qfliweMtone tmdmarlfnm, Vidtlmrg Utnetlont at Byram, Min. 
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About 21 miles north of Byram, on the east bank of Pearl River, 
the following section is exposed; 

SeeSon of Y^xhyrg HriKtlone if J mihi north of Byram, Min. 

Limeetotte, gray, rotten; containing grains of glauconitic sand 24 

limestone, harder, gray 24 

Mart, indurated, brown 24 

limestone, hard, compact, gray 16 

M»ri, soft, yellow 14 

■ Ball. 0. 8. 0«ol. Surv>r No. 3S3, IKH, p. 8S. 
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Limecrtone , very hard, gray 10 

Clay, gny, marly 8 

Limeetone, compact 20 

Marl, indurated, white to gray 20 

Limeetqne, femigiiiated, sandy 72 

GieenBand mail; base of espoanre 60 



The Vicksburg limestone outcrops in the first cut south of Plain, 
on the Gulf & Ship Island Railroad, in an exposure composed, as at 
Vicksburg, of alternating beds of limestone and marl. At the top of 
the formation is a plastic calcareous red clay, formed from the 
decomposition of the limestone and the marl. Samples of eadi 
stratum in the cut were analyzed, with the following results: 
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The Vicksburg limestone can be easily traced by the outcrops in 
the hills from the exposure in the railway cut south of Plain westward 
to Pearl River and eastward to Brandon. The thickness exposed is 
nowhere great, in few places amounting to more than 20 feet and in 
many places to much less. 

BSANPOM. 

The Vicksburg limestone is exposed at the railway station at 
Brandon and for one-fourth mile to the west. Another exposure is 
at the old Yost limekiln site, a mile east of the station. 

The most complete exposure of the Vickshuig, east of Pearl River, 
is at the old Robinson quarry, about 4 miles southeast of Brandon, 
where the formation is made up of hard ledges of crystalline limestone 
alternating with beds of calcareous marl of about equal thickness. 
This rock was quarried for some time by a firm in Jackson and was 
crushed and used in the foundation of the new State capitol. Wotfc 
was discontinued because of the great amount of useless marl which 
had to be removed to get the rock. The analyses given below show 
that the marl and limestone could all be used in making Portland 
cement. 

This material is easily quarried, as there is little or no superin- 
cumbent matter. A spur from the main line of the Aiabaina & 
48834"— Bull. &Z2— 13 IS 
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Vickflbui^ Railway has been built from Rankin to the quarry, giving 
an easy outlet. 
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Numerous outcrops of the Vickabuig limestone appear between 
Brandon and Bayspring, but all are so far removed from lines of 
transportation that their immediate value is small. Only the most 
important outcrop will be described in this report. 

On the east side of Tallahala Creek, about 4 miles west of Bay- 
spring, the Vicksbui^ limestone outcrops in the road and od the 
side of the hill. Above the limestone is a pink plastic clay very 
similar to the clay overlying the limestone IJ miles south of PUm 
(see above). The thickness of the Vicksbui^ here is 65 feet. 

The uppermost member of the Vicksburg is a ledge of hard, bluish- 
gray limestone, which is so much more resistant than the overlying 
"Grand Oulf clay" that it forms a marked bench along the hillside. 
The absence of marl beds alternating with harder ledges of limestone 
is noticeable. The top of the formation is capped with hard lime- 
stone, but all the material underneath this to the bottom of the hill 
is a soft, porous, white to yellowish limestone. The harder ledges 
of limestone were formerly used for burning lime. 



BTLVABGNA. 



On Mr. Houston's land, 2 miles west of Sylvarena, is a quany 
where for 17 years the soft porous limestone has been sawed out for 
building chimneys. The rock for 3 to 4 feet below the surface has 
disintegrated into a rotten mass, easily picked to pieces with a spade, 
but below this it is sufficiently compact to be used. Chimneys built 
of this rock first disintegrate at the top. The rock is very porous; it 
fills with water, which freezes in the winter and causes it to break. 
The rock has also been used for making lime and doubtless is very 
desirable for this purpose, as it is almost pure lime carbonate. The 
hard upper ledges of the Vicksburg outcrop in the hills north and 
east of the town of Vosbutg. 
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Two samples of limestone were collected near Nancy, Clarke County, 
by W. N, Logan and analyzed witii the following results: 

Aiialyiti of Vidubury limalone near Naney, Clarke County, Itit*. 



BIUis(810i) 

Ahuiilii& (AliOii 

Itob DildB (FafOiJ 

IJnie(CoO) 

>KCDaia<UsO) 

VoEtlla nutter (CO|)... 
Sulphur Irtoxlde(SOi).. 
Uoutun 



Near Red Hill ' in Wayne County, on Limestone Creek, the Mobile 
& Ohio Railroad is cut through a considerable hill, where the Eocene ' 
limestones are well exhibited. Limestone Creek, which runs south 
of the cut on the railroad and empties into Cluckasawhay River 
about 400 yards from it, contains lai^ ledges of hard compact lime- 
stone. About 1 J miles southeast of the cut sandstone, which appears 
south of the cut and is not well cemented, crops out as a hard lime- 
stone, an excellent material for building. Three analyses of the 
limestone are given by Harper: ' 

Analj/tei of Vktiburg limeilonefrom Red Hilt, Wayne County, Miia. 
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Hilgard,' in speaking of the Vicksbui^ limestone, says: 
Od the Chickaeawhay, between Red Bluff and the latitude of Waynesboro, both 
marts and limestone crop out with frequency; the same is the case on the creeks on 
the east eide, as on Cakcheys Mill Creek and Limestone Creek, especially n6ar the 
mouth of the Utter, at the foot o( the hill on which Dr. E. A. Miller lives — the moat 
southerly outcrop ot the calcareous Vickaburg on the Chickasawhay. The sections 
exhibited here in the river banks and cuts of the railroad correspond eo closely lo those 
between Yoet's limekiln and Brandon depot that the specimens can hardly be di»- 
tin^iahed from each other when placed side by ride, the only difference being the 
great abundance of Orbitoidee in the soft while marl intervening between the stnta 
of rock. The ledges of hard limestone (in Wayne County) are not so well defined— 
the rock being softer and whitish. 

> Harper, L., Q«o1ogy and agriculture of Uintasippt, 185T, p. IW. 
. tldcni, p.iee. 
■ HUgud, E. W., Oeelofy oC Mlntelppl, iseo. p. 1«. 
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Clay for addition to the purer grades of Selma chalk, where such 
addition is required to make a good cement mix, may be obtained 
from the residual beds of the Selma or from the Porters Creek clay. 

BSHDTIAL 0IAT8 OF THB SKUU OHAI.^ 

The Selma chalk on weathering leaves behind heavy deposits of 
residual clay. These can generally be found in close proximity to 
the chaik beds and are for that reason the most available supply for 
cement plants. They are, however, commonly low in silica and 
relatively high in alumina and iron. 

The following analyses ' indicate the range in composition of the 
reddual clays of the Selma: 
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Adjoining the Selma chalk belt on the west and in some places 
overlying the chalk deposits is the Porters Creek clay, a series of 
clays which for the most part are excellent for use with the Selma 
chalk in a cement mixture. The Porters Creek clay is described as 
follows by Crider:* 

Immediately above the Selma limealoue, south ot HouatoD, the Portere Creek clay 
outcropa in a belt 2 to 15 miles wide. North of Eouaton the Ripley and Clayton lime' 
Blonee intervene between the Selma and the Porters Creek formatiooa. It is known as 
the " Flatwoode" country and in places is characterized by low flat l«nd reeembliog 
the broad bottom of a lai^ river. The Porters Creek clay is a dark clay which has a 
l«ndency to break into rectangular bluckewhenexpoBcd to thesun. It cont&insHinall 
flakes of mica, which in places have been segregated into sniall dikes. 

Excellent exposures of the Porters Creek formation occur throughout the State 
where the l^ifayette has been removed. The Mobile, J&ckeon & Kam^m City Bailroad 
has mode deep cuts into the clay at Walnut, Ripley, and along the divide between 
Houston and Maben. The Southern Railway, from Weet Point to Winona, cute into 
the Porters Creek in the hills between Haben and Pheba. 

A sample of the residual Porters Creek clay from 1 mile west of Starkville was 
analyzed, with the results following. 



I BulL Uteisslppl Ueol. Survey Ha. 1, U 



I ld<m, pp. !6-fil. 
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Antdytii ofretidual Portert Creth day from. 1 mile vxtt of SUnhville. 

8aica(SiO,) 75.60 

Alumina (Al^,) 7.00 

Iron oxide {Fe^O,) 8.24 

Lime(CaO) 1.20 

Magnefda (MgO) 67 

Volatile matter (CO,) 3.91 

Sulphur trioxide (SO,) 25 

Uoiature 2.97 

The following analyeefl of the Porters Creek clay were made from different localities 
in the State: 

Analytn of Portert Creek day. 



BiUf»<S!0,) S7.M 

t:uiziiii«(Al,O.J.. 
in oidde (FriOi) 



Ume(C*0}.. 

V^tlle matter (CO,)-..- 
Sulptiui tHoxiiJ« (SOi>. . . 



i Rotdinl cktT tnua Wababik. 

3. Partns Cfcek clay Irom Wliutoo Coantjr. 

The Hlmoia Central Railroad from Starkville te Ackerman rroasee the Porters Creek 
rlay, showing deep cute of laminated grayish clay. 

Again, on th« Mobile & Ohio Railroad, between Scouba and Lauderdale, occurs the 
same characteristic clay which has been traced across Alabama, Uiasimippi, western 
Tennenee, and Kentucky. 

A aample of the Porters Creek clay from the town of Scooba was analyzed in the 
laboratory of the United States Geological Survey * with the following restills: 
Awxlysi* of Portert Creek day from Seooba, Mitt. 
[W. B.UcNlel,u>a>r't-l 

SUica(SiO,) 61.92 

Alumina {Ai A) 19.47 

Iron oxide (FejO,) 2.81 

Magnesia (MgO) 1.98 

8oda(NaaO) 50 

LoM on ignition 12.29 

BIBLIOa&AFHT. 
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GRmsR, A. F., Portland cement materials of HiaBiorippi: Bull. MiniMippi Qeol. 
Survey No. 1, 1907. 

and Eckel, E. C., Qeology and mineral resources of Mississippi: Bull. U. S. 

Geo). Survey No. 283, 1906. 
EriEL, E, C., Stoneware and brick clays of western Tennessee and northwestern 

HisBissippi: Bull. U. S. Geo). Survey No, 213, 1903, pp. 382-391. 
andCaiDER, A. ¥., Geology and cement resources of the Tombigbee River dis- 
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PORTLAND CEMENT RESOURCES OF MISSOUIU. 
QEHERAL FEATXJBSB. 

/ Missouri now ranks seventh among the States as a producer <^ 
: Portland cement, its output during 1911 having been more than 
f 4,000,000 barrels. This output comes from four plants, one of 
I which is of very large capacity. It is probable that in the future 
I the output will show still further increases. 

I The probability that Missouri will always maintain hi^ rank as 

a cement producer is due to the fact that the thickest and purest 
limestone beds of the State outorop aloi^ Mississippi and Missouri 
riTera. Plants located on these limestones are therefore assured of 
cheap fuel and of both water and rail transportation to a number of 
important cement markets. The extensive areas of good limestone 
in western Missouri are also assuming increased importance, owing 
to the falling off in the natural gas supply in the Kansas cement area 
and the resulting tendency to equalization of costs with that com- 
peting district. 

PO&TLAND OEHBHT KATEBIAIA 

DISTRIBUTION. 

The limestones of Missouri best adapted for use as Portland cement 
materials are mostly of Mississippian and Ordovician age, the Cam- 
brian limestones, which cover nearly all of the southeastern portion 
of the State, being almost all too high in magnesium carbonate to be 
available. It must be noted, however, that certain Silurian forma- 
tions, Including those outcropping along Mississippi Biver between 
Chester, HI., and Cape Giraideau, Mo., include limestone beds suffi- 
ciently low in magnesia to he worthy of investigation. (See Fl. XI.) 

The geologic relations of the limestones and of the shales and claya 
which will be required for mixture with them are indicated below: 

Portton of geologic ooliimn in Mittotiri. 

Qustemuy Loe»&nd surface claya, 

i "Upper Coal Ueasuree" Shales, Brnditonea, etc 

"Lower Coal Measures" Coal bed a, rfialea, «Ur. 

MiaslsHippiau LuneatoDea, aandstones, and 

Devonian Dark-colored ahales. 

Silurian Magii«aiAn limesb»ea in put. 

iGiiudeau limestone Shale and sand^ne. 
Thebes form&tion Shale and skndatone. 
Kimmswick limestone Limestone. 
Plattin limestone Limestone. 

Lower Ordovician and Cambrian Maguesian limestones, sand- 
stone, etc. 



by Google 



b, Google 



b, Google 



MISSOURI. 247 

In the following descriptions attention is paid mainly to the 
Kimmswick and Plattin limestones (formerly called "Trenton" 
limestone) and to tlie Mississippian, wliicli contaiq most of the non- 
magnesian limestones occurring in the State. • 

KIUU8W10K AND FLATTIN LBIEBTONES. 

The Kimmswick and Flattin limestones occur in two separate belt* 
in eastern Missouri, both of which are well located with regard to 
railroad and water transportation. 

The smaller belt lies in Ralls, Pike, and Lincoln counties, the lime- 
stones outcropping as a belt 1 to 3 miles wide, commencing near 
Spalding, Ralls County, and running southeastward to Mississippi 
Kiver near Busch, about 10 miles south of Hannibal. Frbm Busch 
the belt follows the river southward to near Cap au Oris, Lincoln 
County, where it turns sharply northwest and runs nearly to Edge- 
wood, Pike County, 

The second and much larger belt commences in southern Callaway 
County and runs eastward parallel t« and a few miles north of 
Missouri River, through Montgomery, Warren, and St. Charles 
counties. It crosses Missouri River at Hamburg, St. Charles County, 
and turns southeastward through St. Louis and Jefferson counties, 
reaching Mississippi River at Kjmmawick. From this point soutl) to 
Cape Girardeau it follows the river closely, appearing either in the 
bluffs or only a few miles west of them. 

The Plattin limestone is generdly bluish to gray and black, and 
the Kimmswick is light colored, in places almost white; locally, thin 
transition beds of shale or earthy limestone intervene between the 
two. Aa shown by the analyses in the following table,* both lime- 
stones are commonly low in magnesia, and though some beds may 
show 5 to 10 per cent of magnesium carbonate the mass of the fonnar 
tioH is suitable for Portland cement material. 
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LouIb Coniin. 



Tborn ic EuDkin quarry, ulnclc aUUoo, St. Louis CouDty. 
"'"'-» Co., soutb qiuny, Olancoe, St. IauIs County. 

M Co., middle quarry, Olencoe, St. Loula County. 

ucoe Co., north quarry, Qloncae, 81. LoidB County. 
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LATE OEDOVICIAN SHALE. 

Overlying the Kimmawick limestone is a late Ordovician bluish to 
greemsh shale, much of which contains a large percentage of lime. 
North of Lincoln County thin bonds of pure limestone, varying from 
a few inches to a few feet in tJiickness, are commonly interbedded 
wiUi the shale. These limestone bands become more numerous and 
thicker as the base of the shale is approached. The shale varies 
from a knife-edge to over 100 feet in thickness. In its exposures 
□ear Miasisaippi River, in Kails, Pike, and Lincoln counties, it i^ 
generally overlain either by Devonian shales or by tlie great series 
of Missiasippian limestones described on a later page. The following 
analysis ' is of a specimen from near the base of the river bluff at 
Louisiana, Pike County: 

AwUgtii fff late Ordovician thaltpom Louiiiana, Pitt Count}/, Mo. 

Silka(8iO,) 57.01 

Alumina (AI,0,) 24.43 

Iron oxide (Fe/),) 5-" 

Lime(C»0) 1.40 

MagneeU (MgO) 49 

Alkalies (K^, NftjO) 3.81 

Combined water 7.20 

Moiature 43 

DEVONIAN SHALES. 

In the northern portion of Missouri (see Fl. XI) dari£-<^olored shalfs 
of Devonian age appear in places above the late Ordovician sliales 
and below the Mississippion limestones. These Devonian shales vary 
from 10 feet or less to 50 feet in thickness. At Louisiana, Pike 
County, 8 feet of Devonian shales appear in the river bluffs, overlying 
the Ordovician shale, whose analysis is givrai in the preceding table. 
In Jefferson County, as at Sulphur Springs, similar shales rest on the 
Kimmswick limestone, but their distribution is very irr^ular. 

MISSieaiPPIAN ("LOWEE CABSONlFEBOtja") LIMESTONES AND SHALES, 

The Missiasippian limestones are the surface formations ov«r 
almost one-fourth of Missouri. Their three most prominent areas 
of outcrop, which lie along Mississippi and Missouri rivers and in 
southwestern Missouri, are connected by narrow bands so as to re&ll; 
form portions of one taige area, but for convenience they are dis- 
cussed separately. The Mississippi River area, which is the most 
promising of the three, is discussed in greater detail than the others. 

In southwestern Missouri the Misaissippian limestones form the 
surface of the greater part of McDonald, Newton, Jasper, Barrf, 
Lawrence, Stone, Christian, Greene, Dade, and Cedar coimties. 
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the southwestern half of Polk, and smaller portions of B&rtOD, 
St. Clair, Hickory, and Benton counties. This extensiTe limeetone 
area is crossed by several railroads, but the competition of Kansas 
plants using natural gas would make against the succese of a cement 
plant. 

On and near Missouri River the Mississippian limestones cover 
most of Pettis, Saline, and Cooper counties, on the south bank, and 
outcrop continuously along the north bank from Miami station, 
Carroll County, through southern Howard County to below Roche- 
port, Boone County. The limestone belt then leaves Missouri River 
and turns eastward, through Boone, Callaway, and Montgomery 
counties, to join the Missis^ppi River limestone belt discussed below. 

In northeastern and eastern Missouri, along Mississippi River, a 
very extensive and important area of Mississippian limestones 
cover the eastern half of Clark, all or almost all of Lewis, Knox, 
Shelby, Marion, Monroe, Ralls, Pike, Lincoln, and St. Ch&rles coun- 
ties, and portions of Montgomeiy, Warren, St, Louis, Jefferson, 
Ste. Genevieve, and Perry counties. The distribution of the lime- 
stones in these counties is shown in detail on the geologic map of 
northeastern Missouri. (See PL XI.) 

The limestones appear continuously in the river bluffs or in stream 
cuts along the west bank of the Mississippi from the Iowa State line 
to a point about 10 miles south of Hannibal. Here the Mississippian 
limestones leave the river for some distance, Silurian rocks appearing 
in the bluffs from below Saverton to Cap au Gris. At Cap au Oris 
the limestones again appear and form the river bluffs as far south as 
Kimmswick, in Jefferson County. Ordovician rocks then appear on 
the river bank for about 12 miles, but from about 5 miles below 
Crystal City the Mississippian limestones show almost continuously 
to less than a mile south of Wittenbei^, where they finally disappear. 

The Mississippian rocks of Missouri include several thick limestone 
formations and at least one thick series of shales. The limestones 
are almost invariably good Portland cement materials. 

The following section is exposed in the river bluffs at Louisiana: 

Seaion of river bluff at Louimana, FiJce Cownfy, Mo. 

Ttet. 

Surface clay, yellow 10 

MiflBiaaippian; 

Limeshme 70 

Shale, aandy 10 

Shale, oUve 70 

Limeatoue 60 

Devonian: 

Shile, dark, alaty 8 

Situriau: 

Limestone 15 

Ordovician: 

**■"" i-T-r-tkKlg'R- 
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Anafyiu of Miuimippian limatona, Mutouri. 
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VIguiitBtloogiuny.BI. Louis County. Idmi. 
"• ' — '- '" LaubCountT. Idem. 
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Barton Stmt, Bl. Louis, St. LoubCounly. Idem 

Co, W.B. Potter, snalyrt. 

□UBiry, new UannllnJ. Ilariiai County. Twentieth Ann. Rept. V. 3. 0«d. Sn- 

,1800 - ■" 



13. Hannibal Lime bo.'sqDaiT]', near Hannllja], Marlon County. Idem, 
Analyu* o/ MimMtippicai *haU», Mittoun. 
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' Probably include] COt.— E. C, E. 

County. UlSMurl Oeol. Surrey, vol. 11, 1800, p. 4 

1, PolkCountj. Idem, p. 400, 

a. AMrlob, Polk County, Idem, p. 407. 

4. Batralt, St. Loul* County. Idem, p. 4Z2. 

. o^ ... . — o.- n '-re County. Idem, p. 417. 



PENNSTXVANIAN ("COAL MEASURES") LIMESTONES AND SHALES, 

Almost all northern and western Missouri is covered by the Penn- 
sytvanian series ("Coal Measures"), which overUe the Mlssissippiau 
series last described. The PennsylTsnian series consists of thick 
shales and sandstones, with intervening thin beds of limestone and 
numerous coal seams. In the present connection it is of interest 
chiefly as a source of fuel and shales, though possibly some of its lime- 
stones may be of value as cement materials. 

The following analysis • of a limestone, 4 to 6 feet thick, which 
orerhes the Meadows coal seam in Lincoln County, shows it to be 
highly siliceous though very low in magnesia. In most places in 
Missouri, as elsewhere, the Pennsylvanian limestones are probably 
sufficiently low in magnesia to be available for use as Portland cement 
materials. They generally occur in thin beds, however, and it ia 
usually necessary ■ to excavate them by mining. Their common 

1 LJncalu County. Cbauvenet, analyst, Rvpt. Ulswuil lieol. Survey lor 1872, pt. 1, 1S73, p. 237. 
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I, that they are found in close proximity to 



. 21.35 



Analytis of Pmruylvanian limettom, UiiKniri. 

Silica (SiO,) 

Iron oiide (FejO,) 1.79 

Lime(naO) 42.16 

Magnesia (UgO) 66 

Carbon dioxide (COj) 34. 14 

Analyttt of PenTuylvanian ihalti, Mutowri. 
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1. PTaapeotHlU.St.LouiaCount;. R.Chuiverut.aiULlyst. Hl99ourta«il.Surver,val.lI, 189e,p.4l9. 
2, 3. Laoeda flie^lsT mine, Chellenliaiii. St. Louia CouDly. Idem. p. 421. 

4. HuntsvlUe, Randolpb County. Idem, p. 411. 
G. BOUngs, ChitsIlaD Caunty, Idem, p. 375. 

5. DeepvMar.Hemy Count;. tdem,j>. 387, 
7. CUnton, Henry County, Idem, p. ISl. 

S. BooDViUe, Coopar County. Idem. p. 377. 
B. Lakenaa, Sbelby County. Idem, p. 424. 

10. LexliiKton, Lahyetta CouDty. Idem, p. 3S5. 

11. Coaler, Bates County. Idem,p.3W. 

LOESS AND SUBFACE CLATS. 

Along the banks of Mississippi and Missouri rivers thick deposits 
of Ibess clays occur in the river bluffs. These are finegrained clays, 
carrying a considerable percentage of very fine sand; and will be 
valuable for use at cement plants located near these rivers. Smaller 
local deposits of surface clays also occur all over the State. The table 
below contains analyses of representative clays of both types: 
ATiali/tet of loeti and turface clayt, Mitiouri. 
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1. Loan clay. St. Lonla, St. Louli County. Ulnourl 

2. Loosacliy.Huiiilbel.UaTtooCDunly, Idem. 

3. Loeaicby. KanmClt;, JadciOD Coimty. Idem, 
i Loess cby.BoonTlUe. Cooper County. Idem. 
t. Loeachy.IeffenaDCIty.ColBConntj. Idem, 
t. Gumbo day, Elm Polnl. Bt. Cbarles County. Idem, p. I 
7. Oumbo clay, Clillon. Ruidolph County. Idem, p, M7. 
i. Oumbo clay, NoAonu, Carroll Coimty, Idem, p. MB. 



County. Ubsourl G«d1. Survey, vol. 11, 1896, p, 480. 
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POBTLAND OBMBSri XHSXTBTBT IN KUBOUBL 

Prior to 1902 DO Portlaad cement plants were in operation in 
Missouri. Id that year, however, the St. Louis Portland Cement 
Co. commenced shipmentfi, and during 1903 the Hannibal plant of 
the Atlas Portland Cement Co. went into operation. In 1908 the 
plant of the Kansas City Portland Cement Co. was added to the 
producing list, followed the next year by that of the Continental 
Portland Cement Co., and in 1912 by that of the Cape Girardeau 
Portland Cement Co. 

At present, therefore, five plants are producing Portiand cement 
in Missouri. Two of these — built by the St. lA>uis and Kansas City 
companies, respectively — are now under the same ownership, both 
being controlled by the Union Sand & Material Co. In addition to the 
plants operating, several others are in different stages of promotion. 

In 1911 Missouri ranked seventh among the States as a producer 
of Portland cement, its output for that year having been 4,114,859 
barrels. The four plants which contributed to this total production 
were all dry-proceas plants, using limestone, with clay or shale, for 
their raw mix. 

The plant of the Atlas Portland CemeDt Co., at Ilasco, Pike 

County, a few miles south of Hannibal, uses limestone of Mississip- 

pian age, obtained from a quarry adjoiniDg the mill. Selected 

specimens of the stone from this quarry analyze as follows: 

ATtahfte* of iftMUiippian timetlonet, Ilatco, Ho. 
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During the early operation of the Atlas plant an Ordovician shale, 
quarried near Severton, Mo., was used. Later, shale of good quality 
was found to underlie the limestone in the Ilasco quarry at some 
depth, and this shale is now mined and used. 

The plant of the St. Louis Portland Cement Co., located at Pros- 
pect Hill station, near the northern limits of the city of St. Iiouis, 
uses a hmestone of Missisaippian age, quarried at Fort Bellefontaine. 
An interesting point in the operatioa is the use of the hydraulicking 
method for stripping. Shales of Pennsylvanian age are quarried 
Dear the cemcDt plant and together with the loess clays, which overlie 
the shales at this locality, ai'e used for mixing with the limestone. 

The plant of the Continental Portland CemeDt Co. at ContiiieDt&l, 
3 miles south of St. Louis, uses Mississippian limestone mixed with 
loess clays. The plant of the Kansas City Portland CemeDt Co., 
Dow coDtrolled by the Union Sand & Material Co., at Cement City, Mo., 
10 miles east of Kansas City, uses Pennsylvanian limestone aDd shales. 



At the Cape Girardeau plant Joachim limestone (Ordovician) and 
Quaternary clays furnish the raw materials. No analyses are at 
present available. 

PORTLAND CEMENT RESOURCES OP MONTANA. 
' POBTLAITD CBHSNT XATBSIALS. 
By W. H. Weed. 
Limeatone is confined practically to the western, mountainous part 
of the State, where it is found in great abundance along the flanks of 
the mountain ranges. In the Plains region, which comprises the east- 
em two-thirds of the State, only Cretaceous rocks are found, except in 
the local dome-shaped uplifts of the Little Kock, Judith, and Snowy 
mountains. The Cretaceous formations hold lenses and concretions 
of limestone, which are locally available for burning to quicklime 
where better material is too far distant for economical use. 

All the Paleozoic formations contain limestone beds, but the great 
limestone series is that of the Carboniferous (Mississippian), whose 
massive beds flank the great ranges of the State and form its most 
picturesque scenery. The overlying Jurassic limestone is ai^illa- 
ceous and of uncertain development; the Devonian and Silurian 
limestones are impure; and the Cambrian limestones are thin bedded 
and in general are not uniform in composition. 

The limestones are found along the northern slope of the mountain 
front from Red Lodge in Carbon County westward to Ijivicgston, 
and thence northward about the flank of the Bridger and Little Belt 
and Belt ranges to the main range west of Great Falls, Practically 
all the southern ranges of the western part of the State are uplifts 
with cores of gneiss or granite mantled by Umestones of different 
ages. Such rocks occur westward almost to the Bitterroot Valley, 

North of the line of the Northern Pacific Bailway the Carbonif- 
erous limestones soon disappear, though the Cambrian rocks form 
the mountain summits almost to the Canadian line. The northwest- 
ern part of the State, however, is composed mostly of Algonkian 
rocks, chiefly argillaceous, comprising the well-known Belt series, of 
which the oohtic Newland limestone is a constant feature. 
The following analyses of hmestones from Montana are on record; 
Aiialyset n/ limetlonet, Montana. 
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k Sdubte In hrdRnhlaif a sold. 
1. Pemll LlisBslone Co., near Helens. E. SUn, uialyit. 
!. UmtBoaUarUeA Ublng Co., Qsar Helena. C. U, Famett. analyst. 
3. Cambrian llmealoae, near Cable. W. T. Schaller. uulyat, IT. S. Oeol. Surrey. 
1. ICidlson limestone (lover If Islsloplan). W. T. Schaller, aoal^t, 17. S. QuA. janrsav 
f. MIsnanlliDealoDeCDeToalui). W. T. 8abal]ar,aiuly9(, U, S. a«ol, Surrey. 
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The first two analyses, but particularly the first, represent Ume- 
stonea whose composition is satisfactory from the Portland cement 
manufacturers' point of view. 

The last three analyses were fumisbed by F. C. Calkins, who has 
been engaged in geologic studies of the Philipsbui^ quadrangle. 

Deposits of cement material about 5 miles south of Havre, Mont., 
have recentlybeen described' in aratherdetailed report by Pepperberg. 
The materifds consist of limestones of various grades and shale. The 
limestones are notable because, as a result of igneous intrusion, ther 
contain much wollastonite. Much of the hme shown by the analyses 
therefore occurs as lime silicate and not as lime carbonate. Analyses 
of these interesting cement materials follow: 

Analgtei of cement materiali near Havre, Mont. 
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I. Oiar llmestoiw, aoolyied b; R. G. Brobst, I'. S. i 
navli, U. a QvA. Survey. 

X while timnbHU, analyied bv R. O. BiDbrt, U. 
Chan ralmer, U. S. Oeol. Survev. 



Ic<d. Survey. Carbon dioxide 

S. Owij. Sarify. Carbon dlo 



T. Limestone, analyied by H. i. Detweller, aik 
8, 8, ID. LlnKslooe, analyied by Paul R^ialncei 

The following analyses of high-calcium limestones have been pub- 
lished recently:* 

1 Pepperbert, L. 1,, Cfltnoit matsrlal near Hbttb, Hoot.: Bull. V. 8. Oeol. Bnmy No. 380. IW, 
pp. 327-336. 
< Buicbard, E. F., The production ol lime hi IBII; Iflnenl resoarcM U. 8. for Wl, pt. 3, D. B. 0*1. 
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FOBTI.Ain} OKKBKT INSUBTBT IN HOHTANA. 
By E. F. Bdrchard. 
One Portland cement plant, that of the Three Forks Portland 
Cement Co., has recently been eetablished in Montana, at Trident 
Limestone, cement rock, and sliale are used at this plant, and the 
clinker is burned with coal. The erection of at least one other plant 
in Montana is contemplated. 

PORTLAND CEMENT RESOURCES OF NEBRASKA.' 

POBTLAND CBKBHT HATSaiAUI. 
The possible sources of cement materials in Nebraska are confined 
to formations of Carboniferous and Cretaceous age. Named in order 
from above downward these include the following; 

Pierre shale Dark-gray clay or soft shale. 

Niobnua formation Chalky limeetoneand clay ordiale. 

Cretaceous Benton group Dark-gny or black shale or day and 

limestone. 

Dakota sandstone BronnnndBtone. 

Permian limestone Bufi limestones and shales. 

Carboniferous.. i Massive light-colored limestone. 

Pennsylvanian | Limestones, shales, sandstones, and thin 

I coal beds. 

CARBONIFEROUS FOEHATIONS. 

Tlie Carboniferous limestones, shales, and sandstones underlie all of 
Nebraska, rising to the north and northwest about the Black Hills and 
on the slopes of the Rocky Mountains. The outcrops in eastern 
Nebraska are in Douglas, Sarpy, Cass, Lancaster, Otoe, Gage, John- 
son, Pawnee, Nemaha, and Richardson counties. The rocks are hard 
and would give rise to more prominent features if it were not for the 
heavy covering of glacial drift and loess. As it is, the exposures 
constitute cliffs along Platte River from Ashland to Plattsmouth 
and thence at intervals along Missouri River to the southeast comer 
of the State and occur in scattered outcrops along the vall^s of 
Big Blue, Nema}ia, and Little Nomaha rivers and Weeping Watert 
Turkey, and Southeast Salt creeks and their branches. 

The Carboniferous rocks in this region comprise formations of Per- 
mian and Pennsylvanian age. The Permian outcrops are probably 
restricted to the valley of Big Blue River from Beatrice southward. 
The rocks are mainly magnesian limestones of light color, with inter- 
bedded shales. They are extensively exposed south of Beatrice, at 
Rockford, Bluesprings, Wymore, and Holmesville. The Pennsyl- 
vanian rocks consist of limestones, shales, and sandstones, which 
contain thin coal beds in some localities. Prof. Prosser has made a 

> Bee DartiKi, N. H., Prellmliur)' report on the geology and water rssaiiroes of Nebraska weit of the m 
hundred and third nnildlmn: Prot. Paper V. B. Oeol. Survey No. 17, pp. 14-20, and Pt. IX. The deU 
ooDoemlog Nebraska cemeal material have been obtained bum Dortoa'a report, vUdi it In part dM 
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preliminary examination of the Carboniferous formations of Nebraska, 
and identifies as Wabaunsee the exposures about Peru, Aspinwall 
Nebraska City, Auburn, Tecumseh, Dunbar, Netiawka, Weeping 
Water, and along Platte River near iliouiaville. He identified as 
Cottonwood limestone a massive bed full of Fusulina west of Auburn, 
about Glenrock and Johnson, and on the higlier lands of western 
Richardson and Pawnee counties.' In <leep borings in the southeast 
comer of the State the Carboniferous formations have shown a total 
tliickneas of about 1,200 feet, of whicli about 200 feet are Permian. 

NIOBRARA FORMATION AND BENTON GSOVP. 

Underlying the Pierre shale is a series of shales and chalky lime- 
stones known as the Benton group and the Niobrara formation. 
They have a thickness of about 450 feet to the east but thicken to 
the west and south. At the base of the Benton group there are about 
200 feet of dark shales (Graneros shale), overlain by slabby lime- 
stonee containing Inoceramus (Greenhorn limestone) followed by a 
series of shales with few thin sandy layers (Carlile shale). Overlying 
the Benton group is the Niobrara formation with its chalky deposits, 
characterized by thin hard beds filled with Oatrea congeata. The 
formations cross the eastern part of the State ami underlie all the 
area west of the ninety-seventh meridian but are so deeply hurled 
under drift and loess that they outcrop in few places. The most 
extensive exposures are along Missouri River, extending from near 
the ninety-seventh to the ninety-ninth meridian, and along the 
RepubUcan Valley from Alma to near Superior. The formations are 
exposed at intervals across ths eastern portion of the State in each 
of the larger valleys and some of the branches. The more notable 
of these small outcrops are at Genoa, north of Germantown, near 
Crete, at Pleasanthill, and in Beaver Creek north of Dorchester. 
There is an exposure of dark Graneros shale under some ledges of 
Greenhorn limestone in Big Blue River at Milford. Benton and 
Niobrara also occur in a prominent anticline along White River in 
the vicinity of Boaver and Alkali creeks, in the northwestern part 
of Uie State. 

Darton has recently published ' some valuable data on the char- 
acter and composition of the limestoses of the Niobrara formation 
of Nebraska, with special reference to their possible utilization as 
Portland cement materials. The following quotations cover such oi 
his remarks as are of principal interest in this connection: 

Altbou^ the Niobnua fmmatioa consiste lai^ly ot linieetone, some of the beds 
contiua mudi clay. This material cH'curB mostly as an admixture in the impure 
"chalk T0(^," but some beds contain bo much that they are calcareous shales. Ordi- 

■ ioor. Gedogy, vol. 5, ISIT, pp. I-in. 

' Dwtoi, N. n., Cf mcDt OBtciiab In Republlcui VaUty, Nebraska; Bull. V. S. Geol. Survey No. MO, 

48834"— Bull. 522-13 17 6'^ 
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narily the Kiobiara straU are JDt«rb«dded depoaite of ooit limestoae ot cfa»lk and 
calcu-eoiu day [rom 5 to 30 (eet thick. Flint occura in the upper beds. Two memben 
of the tonnation have been recognized. The lower one, averaging 50 feet in thickn^ 
and coneiating mainly ot soft limeetone ch" compact chalk of li^t-grsy color, repreeenU 
the Fort Hays limeetone of KanMS. The upper member conaiatB of about 300 feet ol 
alternations of "chalk rock" or dialky limeetone and limy ahaloB, all of light-gray 
color. The chalk rock dcpoeite vary greatly in thickaen, in some places attainiii^ 20 
feet. This memberrepreoentBtheSmoky Hill chalk in- "Ptaianodonbedfi" of Eaiuaf. 
A characteristic feature of the Niobrara rocks is their tendency to weather to a li^t 
yellow color, thou^ in their unweathered condition they are lead gray or bluidi gray. 
The limeetone beds in the Niobrara icarnation vuy greatly in composition, owing 
largely to admixture of clay. The upper beds are cherty. Some repreBentative 
samples were collected and analysed in the laboratory of the United Stalee Getrfogica] 
Survey with tho following reeulls, reported by 8. 8, VooAees, 

The analyses presented in the following table are those referred to 
by Darton in the preceding quotation. They have been rearranged, 
however, to bring them into conformity with other analyses in this 
volume. 

Analystt o/ linitttorut o/ Uiobrara/ormalwn, -f/ebTtuta. 
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PiERBB SHALE. 

All of Nebraska west of the ninety-eighth meiidian is underlain by 
the Pierre shale. Its surface outcrops are in the lower portion ol the 
Niobrara Valley, the Republican Valley, and the extreme northwest 
comer of the State, but it is probable that careful search will reveal 
outcrops in the valley of the Platte River in the vicinity of the ninety- 
sixth meridian. The formation is a thick mass of dark-gray or bluish 
clay or soft shale at least 2,000 feet thick in the west-central portion 
ot the State. 

Prof. G. E. Condra has called attention to the availability of the 
Niobrara limestone and the Pierre shale along Missouri River from 
Dixon County to northern Boyd County.' After describing the Port- 
land cement plant at Yankton, S. Dak., Prof. Condra adds: 

The formations worked at Yankton are exposed in Nebraska along Hiasouri River 
from Dixon County to northern Boyd County and afford a vast supply of the raw mate- 
rials. The principal factors to be considered in the establishment of a plant, besides 
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the presence of Buitftble cement materials, are the condition in which t&ey are found 
BO as to avoid waste in quarry Btrippinga, the water supply, fuel, and a suitable loca- 
tion, especially in relation to transportation facilities. All ot these conditions except 
cheap fuel exist at many places on the Nebraska side of the river. At Niobrara the 
chalk rock is of good quality and in luge supply, and this place is favorably situated 
forrailroadsand river transportation; artesian water and asuitable location for a plant 
can also be had. 

E. F. Burchard > has discussed the possibilities of maQufacturing 
cement in Dakota County from a mixture of Greenhorn limeetone 
and shale of the Benton group, both of which occur in immense 
quantities in the bluffs of Missouri River north of Jackson, Nebr. 

PORTIiAND CEMENT RESOURCES OF NEVADA. 

Nevada contains numerous areas of low-magnesia limestone, 
mostly of Carboniferous age, and also some of later date. The prin- 
cipal outcrops of the Carboniferous limestones are in the eastern 
tMrd of the State. Much of this material would be suitable for use 
in making Portland cement, but at present, with a scanty population, 
expensive fuel, and practically no local denumd for cement, it is 
evident that such an uidustry could hardly be even moderately 
successful. 

The following analyses indicate the character of the limestones of 
Nevada. Many of these, though low in magnesia, are very siliceous. 

AnidyuM of limaUmet Jrom Nevada. 
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1. Limestone trom " Lover Coal Ueasum," Onmd Teak. N'bv 
i. LlnMolonalTDiii "tipper Cod Ucasuna," Tsnsbo I'cak. 

3. CBibonlieTDus, Fremonls P»as. 

4. Trlassle, betwtMi PTiamld Lake md Wlnnemuraa Lake. 

5. Tilusic, SUrCan;on. 
e T-~'o, Cottonwood Oaaym- 



7. Miocene, ?ossll H 



Wfllla. 



8, Mt««ns, V«Uey Wella 
S. PlioCBDe, PmoVttllBJ'. 
W. Recent, shore o/ Pr" 
Aoelyat of Noa. 1-ft, B. 
AlulystofNo. lO.T. U 



'.. Brewster. U. S. Ucol. Expl. «)tb Pw., vol. 3. 
Outard, Boll. U. S. Oeol. Survey No. 1(8, p. rii. 



In a brief report * on the building stones of Nevada, Reid mentions 
the occurrence of marbles at many points, notably in the Humboldt 
Mountains, in Lamoille Valley, and near Luning, Esmeralda County, 
No data as to chemical composition are given. 

' Burehanj, E. F., I'roc. Skiui City A<»d. Sci. and Letters, vol. I, IW4, p. IBl. 

' Reld, }. A., PreHmlnary report on Clie bulldui« itonn ol Nevada: Bull. Dept. OMkigy and Unlng 
NeiadB Unlvasltr No. 1, 1901. 
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260 POBTLAND CEMENT MATEBLLLS OF UNITED STATES. 

PORTImAND cement resources of new HAMPSHIRE. 

In common with most of New England, New Hampshire offers 
little opportunity for Bucceesful Portland c«ment manufacture. 
Limestones of satisfactory composition could probably be found in 
several parts of the State, but the difficulties with regard to fuel and 
markets seem to be too great to permit the development of the 
industry. 

PORTIiAND CEMENT RESOURCES OF NEW JERSEV.' 
FOBTI<Ain> OXKSNT KATBBIALB. 

Limestones suitable for Portland cement manufacture occur in New 
Jersey in several different geologic formations. (See PI. XVII,p. 310.) 
The deposits of argillaceous Ordovician limestone of Lowville tu 
Trenton age (Jacksonburg limestone) are, however, the princq>al 
source of cement material, and in view of the great extent of these 
deposits, it seems probable that they will always furnish the bulk 
of the New Jersey raw materials. For this reason the distribution 
and character of these argillaceous limestones ("Trenton cement 
rock " ) of Warren and Sussex counties are most fully discussed . 

UH&8TONE8 OF WARBEN ANB SUSSEX COUNTIES. 
UTBOLOeT. 

The part of the geologic column in New Jersey that supplies the 
cement matorials contains four formations. These are, from the top 
' downward: 

. 1. HutiiiBbuig Btude (Ordovician). 
/ 2. Jacksonbuig limeatone (Ordovician). 

3- KitUtinny limestone (Ordoviciui and Combriui). 
I 4. Hafdyeton quartsite (Cambnui). 

The Jacksonburg limestone and Kittatinny limestone belong to 
the Shenandoah group. The Jacksonbutg limestone furnishes all 
the "cement rock," and the Kittatinny limestone, though in general 
highly magnesian, supplies the pure limestone for mixing therewith. 
The Martinsburg ^ale, though not at present used in the cement 
indust^, can well be utilized for mixing with a "cement rock" that 
is too high in lime. As these three formations, therefore, are worthy 
of consideration in connection with the cement industry', they will 
be described separately in some detail. The Hardyston quartzite, 
though not directly connected with the cement industry, ia an easily 
recognized formation whose outcrops in general limit the Kittatinny 
limestone belt on the south. 

1 A voy delalltd deso-lptiiBi of th* Itmnlixia ol New Jitsry aTallsble [n ose In Ffrtlvid cemat miinii- 
bctnre, wltli nupa tbowlDg thdr dlitributiim ud oulcropa, ia glTcn by H. B. KOmnKl, In Ann. Kept. 
8Ut(B(ologlitN'ew]«r9eTlorlgOO,lvai,pp. I-IOI. This valUBbh report tm been (r»lr used In (h»prep»- 
imtion of llu lanent iketdi, IDd man; ol the deUUi Rsardliis the eonnitioaa an stated In XOnund'i 
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BAXSTITOS QVAMTBT*. 

At the base of the great limeetone formation of the Kittatiimy 

Valley a thin bed of sandstone or quartzite in found in many places. 

It rests upon the crystalline rocks (gneisses, schista, etc.) which 

form the hi^ands and is the earheet of the Paleozoic formations 

^•^ this re^n. It differs considerably in composition and in thick- 

83. In many places it is apparently only a coarse and more or 

IS friable sandstone, the grains of which are cemented together by 

ne carbonate. When fresh its color is steel-blue, but the weath- 

ed portions are everywhere a rusty brown from iron oxide staining. 

3st, though not all, of it contains considerable feldspar. In other 

;alities it is a true quartzite, made up of sand grains with sihceous 

ment. Still elsewhere it is a conglomerate, commonly of pebbles 

<a than an inch in diameter, but in places containing well-rounded 

igments 2 to 4 inches in size. The pebbles are diiefly of quartz, 

dspar, granite, gneiss, and slate, with bits of mica. Localfy the 

nglomerate, where it approaches the gneiss, can be distinguished 

ly with great difficulty by the naked eye. It ia simply a decom- 

sed gneiss or granite, slightly reasserted and cemented to form a 

aglomerate. 

The thickness of the quartzite varies from a few feet to 200 feet 
more. Where the rock is thick it is s congiomerate or a coarse 
bbly quartzite. Where thinner it is generally a calcareous sand- 
one, grading upward into a limestone, and perhaps having near its 
tse one or more thin layers of siliceous sandstone or even quartzite. 
le crystalline foundation on which the quartzit« rests was som^ 
lat irr^ular, so that the formation differed greatly in thickness 
(1 lithological character. At the time of its deposition the land lay 
•t far southeast of the present outcrop. 

KAeaxauv KiTTATnnrT likmtomx. 

The Hardyston quartzite grades upward into a highly magnesian 
nestone formation of great thickness, known as the Kittatinny 
nestone, but commonly called the "blue" limestone to distingui^ 

from the white, coarsely crystalline limestone near Franklin Fur- 
ice and other localities in Sussex and northern Warren. Its color, 
iwever, is not always blue. It is in many places gray, in some 
.aces almost white, also drab, or even black. It is fine and even 
'ained. Many of the beds are minutely crystalline, so that the 
eshly broken surface has a close resemblance to fine-grained lump 
Jgar. But it is nowhere coarsely crystalline or marble-like. 

The Kjttatinny occurs in beds which diiTer greatly in thickness and 
F^larity. Some beds are made up of thin leaf-like layers of lime- 
tone alternating with thin sheets of greenish shale. Other beds con- 
Lst of Itiyoifi of limestone an inch or more in thickness and are sepa- 
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rated by thinner portiogB of shale or sandstone. Locally the Ume- 
stoae layers are apparently discootiouous, and the shale or sandy 
layers not only separate but inclose the more limy masses. In great 
part, however, this formation is composed of regular beds 1 to 3 
feet or even more in thickness. Locally they are so massive and 
the formation is so regularly jointed that it is extremdy difficult 
to determine the true position of the beds. Some layers, also, are 
oolitic, that is, are made up of minute rounded partides resembling 
fish roe. The oolitic layers are apparently confined to the lower poi^ 
tion of the formation. 

A marked feature of the Kittatinny is the chert, or black flint, 
which occurs either as seams, in places 8 or 10 inches thick, or as 
separate masses. The chert layers are in most places, but not in all, 
parallel to the bedding planes. Owing to the lat^ percentage of 
magnesia nearly everywhere present in this limestone it is of no 
value in the manufacture of Portland cement. In some localities, 
however, it has been extensively burned for lime. 

Itfi thickness is apparently between 2,500 and 3,000 feet, but accu- 
rate measurements can not be obtained. More than 99 per cent of 
the limestone of Sussex, Warren, and Hunterdon counties belongs to 
this formation. 

The following table gives analyses ' of the magnesian Kittatinny 
limestone from New Jersey: 

Awdyu* ofmagnetian Kitlatinng liituitotu, New Jeriey. 
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2. NauWlUiunRicbey'i.VaiiaiiTinraddp.Siisei _.. 

3. Stat David I'nTy'i, V/anUtt TownibJp, Susea County. 

4. NntSunwl VudRhoorOVutMlV--*-'- = 

5. Ntar William DewLlt's, Wantan 
" " " ■ ot Edward Lewb, 



lUfa iWiuhlp. 
t 'iWniliip, Sua 
^aBtwc Towublp, SUBH County. 
Jiwaal of Hambuii stalion, m tfw Nfv yotk, 



),outKx uHinty. 
Towublp, SUBH County. 



WoWm RaUrood. 
10, II, 12. tlDore & Catler'i qaan7, Newton. Sunei County. 

13. Hear Sparta, Saaex County. 



1. Repl. Stalt Oeolt^lsE New Irrsrj for JBOO, 1! 
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Aitalyut ofmagnenan KittaUnnn limeMtont, New Jerteg — Continued. 
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14. But otVm KJik's tavern, Columbia, Wunn County. 

15. QoaiTy In Uw town ol BelvMrn. 

It. KobcrtBliliiier'iQittiTf.SiHliictowii, Warmi County. 

17. TlBoy B. KcuMdy'i qoKnT, Bprliijn<nni, Win*D Couaty. 

18. CbirleB Twlimliig'i qiurry, louui MFhfflUMtHn. 

IS. Junes RMiUe'squMTj, Knr tlimptan. Wimo County. 

20. RaUrod cot east bank of eiMk, aanitwUa, Wanai County. 

21. Hahloa Fox's qmnyi 1 rolls soutbinn of Asbory. Warrta County. 
22-2S. QiiBRl«atPBumU(PtnvUlF).lliaDontlocag Vilify. 

27. B. n. Lelgh'a quvTT, ntar noaniu's mill, nntli of Lebanon, IlunUrdon Coooty. 
w. NsarCllnloOrBunfanloi] County. 

29. T. UoUlcin a Broa,' qoany. Clinton. 

30. PMIersvIUe, SooMnet Coonty. 

31. Ilanry llUltard's quwir. north ot Psvwk. 

32. Uaaa Cnlg^ qnanj, Pe^wk. 

34. O'Eta^ell A UeMaimlman's qnaiTy, Nnrbai. lllddle of a thirk, daae, erm-tcitund, blot Ilme- 
slona 3 (HI from the u»p. 

36. Thesame. Ulddleotim^veljliwl^ergfsettliick, 7fntbrlow sp«clmFn34. 

3B. Tbeaarob Lsytr 3 Indus tlilck, 4 leet beknr ipecimen 3£. Rock apale blue, vitli lalDlitcesksot 
pale yFllov. 

37. The aame. Qrsnolsr laya' B f«t beUnr No. 38. Rock dsrk colored snd aeroiayMaUlne. 

38. OaDo's qnairy, Annaiidale. 

X. Ualligian Bnis.' qoairy. runton. 

JAOKSOWBimO LIMXSTOKX. 

Above the magnesian Kittatinny limestone and resting on it is a 
dark-blue or black fossiliferous limestone. In the early reports of the 
New Jersey Geoi<^cal Survey it is called the "fossiliferous" lime- 
atone, in distinction from the magnesian or Kittatinny limestone, in 
which fossils had not been found at that time. It contains Ijowville, 
Black Kiver, and Trenton fossils. 

A continuous section of this formation is novhere exposed, but the 
general succession of the bed» is about as follows: 

Section of black /o*tilifrTOUt Jacttonburg Kmntonr o/ Nfw Jeriey. 

Feat. 
BtHck CEtlcaieoua shales or earthy limestone gradually becoming less calcareous 
and more Hiliceoua or clayey and grading into the overlying slate. Appar- 
ently of diSerent thicknessee 40 

A rough, irregularly bedded, dark-blue limestone, breakii^ into knotty fdaba. . 43 

Probably catrareoufi Hhale, generally not expoeed 33 

Blue-black earthy limeetone, rather evenly bedded, weathering to a light 
blue gray 32 

.oogle 



2M 



PORTLASn CfiMEUT MATERIALS OP UNITED STATES. 



In Susses County the total thickneas k uniformly about 135 to 150 
feet, except where faulta have probably repeated some layers. The 
formation, however, thickens to Uie southwest, reacliing probably 
at least 300 feet at tlie Delaware, and possibly even more than Mils 
in the Ijehigh Valley i^ion, Pennsylvania. The increase in tliicknees 
is apparently in the upper calcareous slialy beds. 

The Jacksonburg rests upon the eroded surface of the KittalJnny 
limestone, so tliat tliere is liere a break in the geologic record. At 
many places tlie lowest Jacksonburg beds form & conglomerate 
composed solely of pebbles and bowlders of the underlying magnesian 
limestone and chert. Elsewhere pebbles of magnesian limestone 
and chert are included in a matrix of pure limestone, in places 
fossiliferous. 

Many analyses have been made of specimens both of the limeetone 

and of the calcareous shales of the Jacksonbui^ limestone. The 

more massive beds contain from 85 to 95 per cent of carbonate of 

lime and only small amounts of magnesia. Some of the more shaly 

layers contain 65 to 75 per cent of carbonate of lime, with suihcient 

alumina and silica to make a good cement rock. It is tliis rock 

I which is used vritii such success in manufacturing Portland cement 

near Philippsburg, Warren County, N. J., and in Berks, Lehigh, and 

■ Northampton counties. Pa. The purer limestone beds can be 

/ mixed with the "cement rock" to raise the percentage of lime to 

' the necessary figure. The following analyses ' may be quoted: 

Analytet <i/ Jaeltonburg lim^tlone, New Jerteij. 
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NEW JERSEY. 
AiuUytrt of Jacitonburg limtttow. New JrrKj/— Continued. 
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34-25. Near Lata^Mtc. 
25-30. Nau Newlon. 



. ir Disku Pond. 

I. Tbne miles mittaveat ol Newton. 
t-36. Neu HiiuUbarg ( Hunt's mills). 



I 37-40. Spiingdale. 
41. Swayie's tolUa. 

43^ Sain^' 
1 45. Nbk BelTidere. 



The JacksonbuTg limestone can be readily cUstinguishod from the 
Kittatinny by these differences: (1) The Jacksonburg is commonly 
fossiliferous, some surfaces being covere<l entirely with imprints of 
shells. Beds otherwise uofossiJiferous generally contain crinoid 
stems, which are best seen on weathered eurfeces as small disks, com- 
monly with a hole in tlie center. The fossils of the Kittatinny lime- 
stone, on the other hand, are so few and so obscure that only an expert 
can detect them, so for practical purposes the formation can be con- 
sidered unfossiliferous. (2) The dark-blue or black color of the 
Jacksonburg weathers to a light gray-blue entirely unlike most of 
the Kittatinny beds. So too the rough, knotty character of the 
bedding and of the weathered slabs is characteristic of the Jackson- 
bui^ limestone. (3) A drop of hydrochloric acid will cause the Jack- 
sonburg limestone to effervesce vigorously, whereas the cold acid 
dropped on the Kittatinny limestone acts weakly or not at all. (4) 
The Jacksonbuig commonly lies on top of the Kittatinny limestone 
and beneath the slate, which is the next higher formation, so that its 
outcrop forms a narrow strip between the wider belts of these rocka. 
In places, however, it is cut out by faulting that has brought the slate 
against tlie Kittatinny limestone, and in other places it is faulted into 
the midst of the Kittatinny limestone areas. (5) The Kittatinny 
hmestone contains numerous masses of black flint or chert, such as 
arc nowhere found in the Jacksonburg limestone in New Jersey, 
except 0.1 wftterworn pebbles in the basal conglomerate 
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The shaly limestones of the Jacksonbut^, formerly known as the 
"Hudson ^ales," become more clayey and less limy upward and 
gradually pass into a series of shales, slates, and sandstones. The 
shales are commonly black or dark gray, although in a few places 
green and red. Much of this rock has a marked tendency to split into 
thin sheets. This cleavage is not along the bedding planes or layers 
in which the slate was deposited but cuts across them at various 
angles. This tendency to split smoothly and re^larly into thin 
layers causes some zones to yield excellent roofing slates, and in some 
localities, as at Newton, N. J., and Slatington, Pa., they are lai^ely 
quarried for this purpose. 

There is coosiderable difference in the chemical constitution of 
Tarious members of this formation, owing to the variations from shale 
and slate to sandstone. 

Analyia of Martimburg ihalt, Nev Jerug. 
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n. Rapt. State 0«ok«igl N«w Jeney, ISM, p. |3«. 
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4. Near Lateyatt*. Idem, p. 74. 

■ " — * — '-ilaqaarry. Idem, p. 

n Pgod. Idam, p. 7 



S. NnrtoD able qaarry. 



ezoLOQio STSTrcnrax. 



The general relations of the Hordyston quortzite, the Kittatinny 
limestone, the Jacksonburg limestone, and the Martinsbui^ shale are 
generally very simple and easily understood. They have been bent 
into great folds, which originally formed a succession of arches and 
troughs. During the enormously long period which has elapsed since 
the folding occurred, hundreds, perhaps thousands, of feet of strata 
have been worn off from the arches, so that beds which were once 
deep below the surface are now exposed to view. The axes of these 
folds extend in a northeast-southwest direction, so that the forma- 
tions lie in long and comparatively narrow belts that extend in the 
same direction. The oldest rock is exposed along the central line of 
an upfold of the strata or anticline, and the younger and higher beds 
are found toward the flanks. The Kittatinny limestone, being older 
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than the Jscksonbu^ end Martiosburg, occurs along the central line 
of the anticlines. 

The reverse relations are true where the strata are downfolded, that 
is, at the syaclines. Here the younger beds are found along the 
medial line, toward which the strata dip, and the older beds are found 
on the flanks. 

The simple structure of antidinal and synclinal folds is in many 
places complicated by faults or fractures, along which the strata have 
moved past one another. The fault planes may be inclined at various 
angles, and the motion may have been in any direction along them. 
As a result of faulting a given bed may not appear at the surface, or 
it may be repeated and form a double line of outcrops. Consequently 
the Jacksonburg limestone does not occur everywhere between the 
outcrops of slate and Kittatinny limestone where it is expected, and 
in some places it does occur in the midst of the older limestone forma- 
tion where it is not expected. For long intervals it may be buried 
beneath thick accumulations of glacial drift, but in such localities it 
can always be found by dig^ng. 

SILUBIAN LIMESTONES OF UPPER DELAWARE VALLET. 

Silurian limestones and calcareous shales of different kinds are 
found along Wallpack Hidge, from Tristates to Wallpack Bend, on 
Delaware River. Except near Tristates all this area is so far removed 
from any railroad that the cement rock and limestone within it must 
remain undeveloped for many years. For this reason these lime- 
stones were not studied with the same care as those of the Kittatinny 
Valley. 

Analyses of specimens from many horizons, published by I>r. Cook 
in 1868, indicate that many of the beds have a high percentage of car^ 
bonate of lime and are practically free from magnesia.* Finely 
ground and mixed with clay in the right proportion they would make 
good Portland cement or could be used to raise the percentage of lime 
in a deficient cement rock. 

A specimen of the Bossardville limestone of White and Weller 
(Cook's riBbon limestone), from Richard Stoll's farm near Wallpack 
Center, had the following composition : 

Analytii of tivutlon* war Wallpaet Cmtrr, N. J. 

Silica (SiO,) 12.80 

Alumina and iron oxide (AltOj and FegO,) 2. 10 

Lime(CftO) 44.86 

yflgn«8ia (MgO) 2.18 

Carbon dioxide (CO,) 37.68 

1 WellM, Sluart, Add. Repl. Stale Oeokiglst New Jatsey tot 18M, IMO, pp. 1-4S. 
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Outcrops of this limestone are Dumeroiis from Flatbrookville to 
Peters Valley, along the eastern foot of the ridge. At the Noarpass 
quarry, near Tristates, it is exposed just above the base of the section, 
with a thickness of 12 feet 4 inches. 

Specimens from other limestone formations exposed in the Near- 
pass quarry were analyzed by Cook, with the following results: 



Analififi nfliin 



n Nearpaai quoTTj/, near TVitlala, jV. J. 
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UmMtoDF. Ann. 



1. Cook's "flreatone," a part at tlM Decker UawMoi 

2. (Tooli'a "old-qUHiTT slone," the tilBnllflmllon of 

3. Thf stMslled " pethatone. " which, BcmrdLni la 
Sept. aiale geologUi New Jfrsey (or 18W, p. 30. 

4. "Qittrrf sioDe." aroinliiiit to Waller (idam), Ibe UuUiu UnKMone. Anolher Bp«ciovn ol No. 4 
liBil ai.5 per cent ol Utoe and s.6 per seat of slUca uid quarti. 

The Nearpass quarry is not so far removed from the railroad at 
Port Jervis but that some of these beds may be profitably utilized. 
Aoalj'ses 2 and 4 above show that the "old-quarry stone" and the 
"quarry stone" are high-grade limestones. Analysis of the shaly 
layers in the quarry may show one with the right proportions of 
alumina and siUca. In Weller's report for 1899 some of the important 
exposures of these fonnations are noted. 

Cook also gives the following analyses of specimens whoee exact 
geologic horizon can not be determined from the record; 

AiutlsKi o/Silurian limestona. 
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BiliC8(S10>) 

Alumina uid Iron oxide (AliOi and PeiOt) 

Limo(raO) 

IbEnPiilB(bitO) 

^3™ dioildB (CO,) , 

I. I.lmPilona from John Schooley'i (ariD, nMU- Pvlcn V'sllrv, 

i. Mm^ilonp [rum farm olJmhiu Cole. Uontuue. 

3. l.iine^ionerromhirinorrtilvlnlXwkM, Wellpack Ridge. 

WHITE CHySTALI.INB LIMESTONES Ol' THE HIGHLANDS. 

A aeries of wliite erystalline limestones, considered to be of pre- 
Cambrian age, occurs in the Highlands of New Jersey and requires 
brief discussion here because of its possible relation to the cement 
industry. 

These white limestones outcrop in a continuous narrow belt, 
exiendiiifj from the Now York-New Jersey line near Glenwooil 
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southwestward nearly to Sparta, N, J. In addition it outcrops in 
a number of smaller and disconnected areas in New Jersey, the more 
extensive being near Andover, east of Oxford Church, and along the 
northeastern side of Jenny Jump Mountain. 

The rock is normally a generally white, very coarsely crystalline 
limestone, which varies in composition from a very pure calcite lime- 
stone, practically free from magnesia, to a highly magnesian stone, 
close to typical dolomite. Unfortunately there is at present no clue 
to the occurrence of these variations from place to place or from bed 
to bed. The use of the atone is therefore highly speculative, and it 
is doubtful if it can become of serious value to the cement industry. 

The great irregularity in the distribution of magnesia throughout 
this formation can be best exemplified by reproducing, with analyses, 
a record of an actual drill hole,' put down near Hamburg, N. J., by 
the Alpha Portland Cement Co. Better results were obtained from 
other drill holes in the same vicinity, but the record here reproduced 
is the most interesting. 
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WHITE MARL DEPOSITS. 

In addition to the limestones described, Sussex and Warren countiee 
contain shell-marl deposits, many of which are extensive and some of 
which may be sufficiently pure to be used for Portland cement in 
combination with clay. No recent study of these deposits has been 
made, but the data' following may be of value. 
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For a number of years New Jersey ranked second among the 
States as a producer of Portland cement, being surpassed only by 
Pennsylvania. , Recently, however, the development of the industry 
has been more rapid in certain Western States than in New Jersey, 
and the latter ranked sixth in 1911. The production of the State in 
that year was 4,411,890 barrels, this total being made up by three 
largo plants. 

Of the companies now operating in New Jersey, the Alpha Port- 
land Cement Co., with mills at Alpha, is the oldest, having commenced 
operation in 1891. The Vulcanite Portland Cement Co. erected a 
mill at Vulcanite in 1894. The plant of the Edison Portland Cement 
Co., at New Village, was put into operation in 1893. All the New 
Jersey plants are located in Warren County and alt use the "Trenton 
cement rock" (Jacksonhurg limestone) as their principal raw material. 
In raw materials and general practice these plants agree with the 
others of the Lehigh district, described on pages 314-317. 
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PORTLAND CEMENT RESOURCES OF NEW MEXICO. 

Almost al] detaiiod geolf^c work within the Umits of New Mexico 
has been done with reference to metallic deposits and to coal areas. 
The result is that practically nothing is definitely known concerning 
the composition of the limestones of the State, not a single satisfac- 
tory analysis of a limestone from New Mexico being recorded any- 
where in the literature. 

Limestones are known to occur in the Ordovician, the Silurian, the 
Mississippian ("Lower Carboniferous"), the Pennsylvanian ("Upper 
Carboniferous ") , and the Cretaceous. It may reasonably be assumed 
that the Pennsylvanian limestones will prove of most service as 
sources of Portland cement material, so far as extent, thickness, and 
probable composition are concerned, and it may also be accepted, on 
the basis of experience many years ago with a little natural-cement 
plant at Springer, that the Cretaceous beds also will yield possible 
cement materials. 

In the vicinity of Carthage,' Socorro County, an area of limestone 
and shale is so situated with regard to fuel and market as to warrant 
practical tests of the raw materials and a thorough study of the 
conditions. The San Andreas limestone of the Manzano group of 
the Pennsylvanian series, having a thicknees of about 200 feet, out- 
crops in the southwest quarter of T. 5 S., R. 2 E. of the New Mexico 
principal meridian. In the immediate locality thick beds of clay 
shale of Benton and Montana age (Upper Cretaceous) are exposed. 
Both the limestone and the shale show every physical appearance of 
being suitable for combination in the making of cement. This area 
is within one-half mile of the New Mexico Midland Railway, which 
draws high-grade coal from Cartht^e, less than 2 miles distant, and 
which connects at San Antonio, N. Mex., with the Atchison, Topeka 
& Santa Fe Railway. 

PORTLAND CEMENT RESOURCES OF NEW YORK. 

FOBTLAND CBIIBHT XATEBUX8. 

DISTRIBUTION. 

Of the many different limestone formations which outcrop in New 
York State, six are sufficiently satisfactory in thickness, areal extent, 
chemical composition, and market advantages to be worth con- 

1 PamnI oonuiiDiikatku] boa ittam H. Gwdntr, fcolocht, Lexington, Kj. 
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sidering as pousible sources of Fortlaod cement material. Many 
other limeetones occur in the State, but these others may be disre- 
garded here as being either too thin, of improper chemical compoeitioo, 
or too badly located with regard to transportation routes, markets, 
or sources of fuel supply. 

The six available limestones, named in their geolo^ order from 
above downward, are as follows: 

1. Marlfl QualMnarj-. 

2. Tuliy limestone Devoaian. 

3. Heiderben; group and OnondagK limeetone Devonian. 

4. Clinlon formation Silurian. 

9. Mohawkian limesbMoee (tnattm. Black River, and 

Lowville) Oniovician. 

6. Chazy limeetone Ordovician, 

All these limestouee except the Chazy and those of Clinton afre 
are at present utilized in Portland cement manufacture in New Yoric 
State. 

The actu^ distribution in New Toik State of the Tully, Helder^ 
beig, Onondaga, Mohawkian, and Chazy limestones is shown on the 
map (PI. XII}. The Quatwaaiy marls we widely diatributfld 
throughout the State, but generally occiu- in small deposits, and the 
woi^able limestones of Clinton age exist only in one small but impor- 
tant area in western New York; for this reason neither the mar! 
deposits nor the limestones of Clinton age are shown on the map. 

COAZr LUCESTOKE. 

The Chazy limestone is confined practically to the Lake ChamplaiD 
valley. It outcrops on the west shore of Lake Champtain a few 
miles south of Crown Point village and is also well shown in Crown 
Point itself. It appears again on the lake shore about 5 miles south 
of Westport, near Essex village, and on Willsboro Point. Its most 
characteristic and extensive outcrops, however, are in the eastern 
part of Clinton County. It is shown well on Valcour Island and on 
Isle la Motte, where it has been extensively quarried. On the main- 
land it occupies large areas north of Valcour and west of Plattsbiu^, 
where it is quarried. Tlie largest single area is in the northeastern 
part of Clinton County, where it has been worked extensively for lime 
and building stone. This area extends almost without a break from 
the village of West Chazy to the lake shore and northward to the 
Canadian line near Rouse Point. 

Local details conceniii^ the distribution, thickness, and character 
of the Chazy limestone have been describe<I by Cushini;,' who also 
gives geologic maps of the county. 

■ Cuahliii, H. P., Riiiait oa tha gcotog; of CUntoD Count;: TUrMaiUi Ann. B«pt. Ntnr Vnfc SUK 
OnloClU, UH, ». <;S-49(L 
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The Chazy is generally a very pure limestone, low in both magiieaia 
and clay^ matter. It is commonly bluish to grayish in color and 
has a slightly crystalline appearance. In places it carries notable 
percentages of silica, alumina, and other impurities, but these argilla- 
ceous phases are rare. Of the analyses in the following table 1 and 2 
represent the purest type of the Chazy limestone, and 3, 5, and 6 
contain more or less clayey matter. Analysis 4 is included as repre- 
senting a highly ai^illaceous type, occurring in the same area as 3, 5, 
and 6; but tliis particular analysis is old and of doubtful value. 
Analgia o/ Chaxy limalont. New York. 
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The relatively high cost of fuel in Champlain Valley and the dis- 
tance from good local cement markets will probably prevent any 
frreat development of a cement industry based on the Chazy lime- 
ut^ne, though tlie limestone iteelf is well adapted to cement manu- 
facture, and good clays and shales are readily obtainable in the 
same district. 

HOHAWKIAN UHE8TONE8. - 

The Mohawldah limestones, which include the Trenton limestone, 
the Black River limestone, and the Lowville limestone, are widely 
distributed tlirough New York State. They appear in tlie valleys 
of Lake Champlain, Hudson River, Mohawk River, and Black River, 
being the most important quarry stones of most of the districts in 
which they occur. Their developments in northern New York and in 
southeastern New York, however, differ so greatly in character that 
it seems advisable to discuss them imder separate headings. 

KOBTBXUI HBW TOSK. 

In northern New York the Mohawkian limestone is exposed as a 
more or less continuous belt circling the Adirondacks on the eastern, 
southeastern, and southwestern sides. (See PI. XII.) T]ie princi- 
pal outcrops appeur along the valleys of I^ake Champlain and its 
rclatetl draint^rr, 4jf Iludscm River, of Mohawk River, and of Black 
Kiver, 

In tlie Lake Champlain region tlie limestone covers a considerable 

aroa and is exposed at numerous points along the shores of I^ake 

48894°-BulI. 522-13 18 .OOqIc 
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Champlain itself. It ia quarried more or leas extensiTsly on Isle I* I 
Motte, at Platteburg, and on Larabees Point and Crown Point. 

In the Hudson Valley a belt, which is quarried near Glens Fall-. 
enters the State from Vermont, in northern Washington County, asA 
passes southward through Whitehall, close to the line of the Drii- 
ware & Hudson Railroad. (See PI. XIII.) A short break occurs at 
Fort Ann, beyond wliich the Umeetone belt passes south to SukIt 
Hill, then west to Glens Falls, where it again turns south to San- 
toga. In all this distance it lies close to railroads and in places s 
also near the canal. It is extensively quarried for Portland cemeut 
at Glens Falls and for lime and building stone at Sandy Hill, Gins 
Falls, and other points. " 

In tlie lower Mohawk Valley the areas covered by Mohawkiin 
limestones are too irregular to be readily described.' The limr- 
stoncs outcrop extensively in the vicinity of C'raneeville, Amsto- 
dam, Tribes Hill, Yosts, Sprakers, Palatine Bridge, St. Johnsrille. 
Dolgeville, and Little Falls and are quarried at many of those plan« 
for lime or building stone. It should be noted, however, th*-' 
another limestone — the Beekmantown ("Calciferous") limestone- 
underlies the Mohawkian limestones at many of the places named. 
The Beekmantown limestone, however, is generally a very impure 
rock, high in magnesia, and should therefore be carefully distin- 
guished from the Mohawkian limestones, which are normally vprr 
low in magnesia. 

The most extensive area of Mohawkian limestone in the Stale hn 
mostly in Oneida, I^ewis, and Jefferson counties, along the vallpj- 
of West Canada Creek and Black River. Conmiencing as a hoitot 
belt near Middleville, Herkimer Coimty, it passes northwestward, 
increasing to about 8 to 10 miles in width, and going through Trni- 
ton Falls, Prospect, Remsen, Boonville, Port Leyden, Lowville, and 
(Copenhagen, at many of which places it is extensively quarried. Tbe 
limestone belt here widens out greatly, being about 20 miles wide »t 
Watertown, and extending along the St. Lawrence-Lake Ctotaw 
shore from near Clayton to near Port Ontario, a distance of over a? 
miles. Within tliia broad area in Jefferson County the limestone 
are quarried at Cape Vincent, Chaumont, Clayton, Water toim. 
Theresa, and many other places. 

The Moliawkton limestones are, in general, pure and nonmagneslan. 
dark gray to almost black in color, and commonly highly tossiliferou.-. 

The analyses following, which represent the different phases of the 
limestone, are arranged in geographic order, from Washington 
County on the east to Lewis County on the west. 
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BoTmtxMB'mx szw roix (povaBXESPSB onTUOT). 

In the Hudson River valley south from Albany to the Highlands 
there are a number of isolated areas of Mohawkian limestone, which 
owing to their favorable location have value entirely disproportionate 
to their size. (See PI. XIV.) 

Until 1909, when the Mohawkian limestone areas of southeBstem 
Kew York were located and examined by the writer, nothing had 
been known as to their existence, so far as the cement industry 
was concerned. Trenton fossils from different points in Orange, 
Dutchess, and Columbia counties had been described by Prof. Dwight 
and others, but no attempt had ever been made to map the areas of 
their occurrence, and no data were available as to the character or 
composition of the limestones in which the fossils occurred. The 
senior writer had early considered the possibihty of finding nonmag- 
nesian limestones in this scries in the lower Hudson Valley, but until 
very recently had not considered the matter of sufficient commercial 
importance to justify the expense of exploration. Early in 1909, 
however, trade conditions made it necessary to develop some source 
of nonmagnesian limestone closer to both New York City and to New 
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England. The possibility of finding the oecessary supply in the 
Mohawkian series in the lower Hudson Valley was given careful 
consideration. 

Examination showed that, with the exception of one unimportant 
little area north of Newbuigh, Orange County offered little oppor- 
tunity for developing the Mohawkian limestones in the region tribu- 
tary to the Hudson River. Oa the east side of the Hudson, however, 
conditions were found to be more favorable, a belt of Mohawkian 
limestone being discovered within close reach of the Central Nevr 
England Bailway, now a part of the New Haven system. Extensive 
sampling showed that in both composition and tonnage the beds 
would meet the requirements of the case, and they were accordingly 
taken over by the American Cement Co. 

In the following table a number of analyses of the Mohawkian 
limestones from this district are presented; all were made by the 
Spackman testing laboratory on material sampled by the senior 
writer: 

Analj/ta oj JfoAau^iian limaUma, Poughttepme dittriet, New Yori. 
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The above analyses, which represent i very laige series now on file, 
show that the Mohawkian limestones of the Foughkeepsie district 
furnish sufficiently satisfactory Portland cement materials. The 
magnesia, it is true, is always near the maximum limit, as it is in 
the cement rock of the Lehigh district. Otherwise, the rocks range 
from fairly pure limestone carrying 95 to 96 per cent of total car- 
bonates down to cement rocks of a grade about like that of the Bath 
and Nazareth portions of the I^ehigh district. None of the New York 
cement rocks require the addition of pure limestone, as do the cement 
rocks of the older part of the Lehigh region, but most of them do 
require the addition of clay or shale. Fortunately both Ordovician 
shales and Quaternary cla^ are convenient and abundant. 

LIMESTONES OF CLINTON AGE. 

The limestones of Clinton age in the western part of the State, 
though not particularly thick not high grade, are of great value be- 
cause of the lack of better stone in a region where the demand is groat. 

Throughout the eastern portion of its extent tho Clinton is pre- 
dominantly argillar^ous, its limestone be<!s being few and so thin as to 
be negligible. At the type locality, Clinton, N. Y., the formation 
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contains at the top a represeDtative of liie Rochester shale, and con- 
tains Rochester fauna practically throughout. Westward from 
Kochester the beds of Clinton ag« beneath the Rochester shale 
bpcctme thinner and more and more calcareous, until where they 
crosii Niagara River into Canada they form an essentially limestone 
formation with unimportant bands of interbedded shale. 

This change in character takes place, it is to be noted, in approadi- 
ing an area where, entirely aside from the cement industry, pure 
limestones are not only in great demand but are also particularly 
scarce. The iron and steel plants in the Buffalo r^on now require 
about 3,000 tons of fluxing rock per day, and this requirement is 
likely to increase r<ither than decrease in the future. Until recently 
the chief sources of flux have been the pure limestone lenses at 
the base of the Onondaga limestone. (See p. 279.) But these lenses, 
both in Canada and in the United States, are now within measurable 
reach of exhaustion, so that the intensity of demand for a pure lime- 
stone in the Buffalo region is very great. In view of these facts 
the recently developed limestones of Clinton age become of peculiar 
industrial importance. 

In a recent report ' Hartnagel has given a detailed description of 
the geologic features of the limestones of Clinton age in the vicinity 
of Rochester. He subdivides them in this r^on as follows, from 
above downward: 

Subdivvkm of Umatontt o/ Clinton agt ai RorhaUr, N. Y. {Barltuiget). 

Ft. In. 

Irondequoit limeBtraie NotBtatod. 

WillUiUHon ih&le 24 

Wolcott limestone 14 

Fumaceville iron-ore bed 1 2 

SoduBHbale 24 

Unfortunately liis report contains no data as to the chemical com- 
position of the limestones, and this, as will be seen later, is really a 
very important part of the question. 

It has been previously noted that tlie lower part of the Clinton 
becomes more calcareous toward tlie west, so that from Middleport 
westward to Lewiston the shales are unimportant. The following 
section will serve to summarize the stratigraphy : 

Qeneral uetian of limetUmet of CUnton age in Loekfort-LmitUm dutriet. 

Feet. 

Upper white limeeloae (moxinMim) 14 

Middle ftray limeatone 8 

Lower dark limeetone 8 

Green ahale t to 2 

li and efaales (Medina). 



. . .., Oe«la(li) map at ttaa Raetmlu anil omarlD B«Mii qnadnntfM: BnO. K«r York 

Bute ifiu. Nb. lu, tarn. , - \ 
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Owing to erosion the upper limestone is rarely present in its full 
thickness. The quarries of the Lackawanna Steel Co., for example, 
near Fekin, show tlus limestone with a thickness ranging from S to 
12 feet. 

Owing to the work done by Conkling and Boardman for the Lacka- 
wanna Steel Co., a very thorougli knowledge of the composition of the 
limestones of Clinton age in this latter region has now been obtained. 

Chemically the three are very distinct in composition, the upper- 
most is fairly low in silica, alumina, and iron oxide and carries gener- 
ally from 90 to 95 per cent lime carbonate and from 3 to 5 pwr cent 
magnesium carbonate. The middle limestone carries from 20 to 30 
. per cent of magnesium carbonate and is also high in insoluble matt«r. 
The bottom limestone, though higher in silica, alumina, and iron 
oicide than the top stone, carries a much lower percentage of magne- 
sium carbonate. 

The range in composition of the three limestones is well indicated 
in the following table of analyses, selected from a large series placed 
at the writer's disposal by Conkling and Boardman, who discovered 
and developed the property now worked by the Lackawanna 
Steel Co.: 



Anah/iti of limalonet of Clinton egtfrom 




i. TopbBd. IxKkporl, N. Y. 
i. Hlddle bed, LoctcpoTt, N. Y. 
II. Botlom bed, Lockport, N. Y 



HELDERBERO OROUP AND ONONDAGA UHE8TONE. 



Whether regarded as present or as possible future sources of 
Portland cement materials, the Helderberg group and Onondaga 
limestone of the Devonian system comprise the most important 
series of limestones in New York State. The two are separated in 
the greater part of their range by a comparatively thin bed of sand- 
stone — the Oriskany sandstone — and in some areas also by the 
Schoharie and Esopus grita. The Helderberg group is divisible 
into several well-marked formations. These limestones, either in 
whole or in part, extend eastward from Buffalo, in Erie County 
(where only the Onondaga limestone is present), to Oriskany Falls. 
Oneida County, Here the belt turns about S. 30° E. and continues 
nearly to South Bethlehem, Albany County. From this point the 
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outcrops of the limestonea trend almost parallel to and a little west of 
Hudson Kiver nearly to Kingston. The belt then turns southwest- 
ward, passing through Ellenville and Port Jervis into Pennsylvania 
and New Jersey. (See PI. XII.) 

The character of the limestones varies considerably in different 
portions of this range. Because of this fact and because of the 
different commeFcial values in the different geographic locahties, 
the distribution and character of the limestones are described in 
three separate sections — western New York, central New York, and 
the Hudson Kiver valley. 

WI8TSUI ntW TOKK. 

The term "western New York," as here used, covers the area 
included between Seneca County on the east and Erie County on 
the west. In this area the limestones are tributary to the Buffalo 
market. That is to say, if limestones of satisfactory grade could be 
found at any point from Seneca County west, freight rates would 
permit their transportation on a competitive basis to furnaces or 
cement plants located in or near Buffalo. The market for the rock 
is therefore assured, but unfortunately the supply so far developed 
is far smaller than the market could conveniently take. The Helder- 
berg group of limestones does not appear in this portion of the State, 
and the Onondaga limestone carries normally a very large percentage 
of chert, so that through most of its outcrop it is too sihceous to be 
available for either flux or cement. The beds which do not carry 
chert are rather pure limestone, low in magnesia, and ordinarily 
range from 93 to 98 per cent in total carbonates. In Erie County 
a number of rather large lenses of nonsiliceous rock have been found 
near the base of the Onondaga hmestone, and in times past these 
have furnished the bulk of the limestone used in the Buffalo district 
for flux, chemical uses, and building lime. The total tonnage aviul- 
able from these lenses is, however, limited, and unless new ones are 
discovered the supply from this source can not last for many years. 

In the following table a number of analyses are given of the Onon- 
daga limestone from western New York: 

ATtalt/ia of Onondaga {imettone, icatern New Yori. 
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Moat of the above aaal^es represent only the pnrest beds in the 
series, free from chert. Heavy shipments from this region would 
involve the handling, in most localities, of at least as much cherty 
rock as pure Umostonc. 



In central New York — the term being conveniently used to cover 
the counties between Albany and Seneca^theae limestones offer 
greater possibilities in the way of securing a supply of nonmagne^an 
and non^ceous rock. The Onondaga limestone is not appreciably 
better, so far as ^ca is concerned, than in western New York; but 
members of the Helderberg group come in below it, and these furnish 
in places an excellent stone For chemical purposes or lime-buming. 
The same type of stone could, of course, be used as cement material. 
The following table contains a number of analyses of Helderberg 
and Onondaga limestones from central New York: 
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In the Hudson River valley the limestones of the Helderberg group 
attain theur maximum importance, not only because of their charac- 
ter and composition, but because of the high-grade market to which 
their location makes them tributary- (See PI. XIH.) 

In this area the Helderberg forms a very thick group, which has 
been divided into a number of distinct fonnations. Before giving 
analyses it seems desirable to present sections showing the reJations 
of the different formations one to another, and this is done in the fol- 
lowing table: 
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TITLLY LIUESTONB. 

The thinness of the TuUy limeetone would probably allow it to be 
disr^arded as a Portland cement material if it were not for its advan- 
tf^eous distribution. It occurs only in central New Yoric, but it 
occupies a greater area than any oUier limestone in that part of the 
State; .Its line of outcrop, moreover, is crossed by all the Finger 
Lakes, on the shores of most of which it is well exposed, and by numer- 
ous railroad linos leading to the coal regions of FennaylvaQia. With 
these advantages of position, even a relatively thin Iknestone bed is 
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worth considering, and on« Portland cement plant that uses the Tully 
limestone is already in operation. 

The most western known exposure of the Tully limestone is near 
Reed Cornora, Ontario County, whence it runs southeastward through 
or near Gorham, Stanley, Hall Comers, and Dresden, disappearing 
below the waters of Seneca Lake oppoMte the village of Starkey. It 
reappears on the east shore of the lake about 5 miles south of WiUard 
and is exposed almost continuously along the shore as far north as 
WiUiffd, Here it turns eastward through Hayt Comere, then south- 
eastward near Sheldrake to the Cayuga Lake shore east of Ctyvert, 
and thence southward along the west shore through Trumansburg to 
Olenwood. Its most available outcrops are, howevw, on the east 
shore of Cayuga Lake, which it follows closely from Portland Point 
north to opposite Kings Ferry. Turning northeastward the limestone 
outcrop leaves the lake and passes through Poplar Ridge, Sherwood, 
and Scipio. From Uiis point to its most eastern known outcrop, 
which is near Smyrna, Chenango County, the outcrop of the Tully 
limestone is too irregular for ready description. (See PI. XII.) It is 
sufficient here to indicate its course by saying that the principal vil- 
lages and stations on or near the outcrop are, in order eastward. 
Cascade, Locke, Moravia, Miles, Glenhaven, Scott, Spoflford, Boro- 
dino, Otisco Valley, Tully, Tnixton, Cuyler, Deruyter, Geoi^town, 
and Smyrna. 

The Tully Umestone is low in magnesia, rarely canying over 1 ^ per 
cent of magnesium carbonate. It commonly carries a rather lai^ 
percentage of silica, alumina, and iron oxide, in places approximating 
in composition the cement rock of the Lehigh district. The analyses 
pven below are fairly representative of its range in composition. 

The limestone is immediately underlain by a series of shales which, 
as shown by the experience of the Portland cement plant near Ithaca, 
are well adapted to mixing with the limestone. 
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Small deposits of marl occur at many points in eastern and northern 
New York, filling old lake basins and now forming swampy tracts, 
overlain by much impure peat. So far as known, none of the deposits 
in this part of the State are of workable size. 

In western and central New York, however, lai^e marl deposits 
have been found at many points. They are, or have been, utilized 
in the manufacture of Portland cement at Montezuma, Cayuga 
County; Jordan and Warners, Onondaga Coimty; Caledonia, Genesee 
County; Wayland and Perkinsville, Steuben County; and Cassadaga 
Lake, Chautauqua County. Other lai^ deposits, as yet undeveloped, 
are known' to occur northwest of Canastota, Oa^da County; at 
Cortland, Cortland County; Clifton Springs, Ontario County; Claren- 
don, Orleans County; and Bergen, Genesee County. 

Hie New York marls show, on analysis, the ordinary variations in 
composition. Most of those included in the table below are or have 
been actually used at Portland cement plants. 

Analy»a of Qvatemarjf nurb, New York. 
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POBTLANI) CEXENT INDUSTKT IN NEW TOBK. 

EARLY HISTOKT. 

The broad features of the development of the natural and Portland 
cement industry in New York have already been given in outlining the 
general growth of the industry throughout the country ^p. 20-23, 
27, 29). The following account gives details that could not be 
included in the general outline. 

Portland cement manufacture in New York State started only a few 
years after cement making had been begun in the Lehigh district of 
Pennsylvania. The history of the New York industry was, however, 
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entirely dutinct from that of the Lehig^i district. Men, materials, 
and methods were different, and in consequence the early history of 
the New \ ork industry' contains much of interest. For the data 
contained in a brief sketch given in the following pages the writer is 
indebted to Messrs. J. Gardner Sanderson and Edward Duryee, who 
placed at his disposal much material concerning the early plants 
with which they were connected. 

The earliest e3q>eriments in the manufacture of Portland cement in 
New York appear to have been made about 1875-76 by a Mr. 
Dunderdale at East Kingston, Ulster County, in the Rosendale 
T^OQ. Messrs. Cornell and Coykendall furnished the capital. The 
materials used were marl, brought by Erie Canal from the Montezuma 
marshes, and a clay obtained near tiie plant. Cement of a very hi^ 
grade was manufactured, but the materials and processes used were 
too expensive for financial success. The details of the experiments 
are not at present obtainable, but some idea of the methods followed 
and of the general high quality of the product may be gained from 
the following extract from the published report of Gen. Q. A. Gillmore, 
on the cements exhibited at the Philadelphia Exposition of 1876: 

It ia deemed proper as a subject of general interest to refer briefly to some remenis 
not represented in the exhibition. 

Tke National Portland Cement Co., of Kingston, Ulster County, N. V., has recently 
been organized for making Portland cement by the fourth method above deacrtbed.' 
The materials employed are fuller'a earth, kaolin, and lime. They are thonugjily 
ground and mixed together in suitable proportions by the wet proceed, although much 
lew water is used than in the English works or in those at Boulogne The mixture 
when completed is in a rather stiff semiliquid state. In this condition it is ma out 
upon a floor underlaid with warming flues, where it is dried to the state of tempered 
brick clay. It is then passed throuf^ a brick machine and subsequently burnt in 
common continuous upright kilns with anthracite coal. 

Specimens of this cement have been tested several limes by the writer with excel- 
lent results. On the last occasiou the method adopted with the cements in the 
exhibition was strictly followed. One and one-half inch cubes seven days old, com- 
posed of equal ports of dry cement and sand, gave a crushing strength of 3,33S pounds 
per cube as an average of 20 trials, being a little hither than the best Portland cement 
exhibited, as diown by ihe table. 

Next in point of date was a small plant at Low Point, Dutchess 
County, erected by the engineer and contractor for the first Pou^- 
keepsie bridge. Some cement was made here and used in the tower 
foundations, but the failure of the bridge project also ended the 
cement experiments. 

During the winter of 1877-78 J. Gardner Sanderson and T. T. Crane 
carried on a series of experiments at Croton-on-the-Hudson. A small 
Upright kiln was used, with a Bogardus mill run by power which 
during the Btmmier was used in brickmaking. These experiments 
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and the analyaiB of a large number of specimenB of possible materials 
convinced the experimenters that the limestones of Hudson River 
generally contained too high a percentage of magnesium carbonate, 
and the days too much free sand, to be suitable ingredients of a 
Portland cement. Certain strata of limestone, however, belonging to 
the Helderberg group and Onondaga limestone ' (see PI. XIII), the 
outcrops of which extend approximately north and south a short 
distance west of Hudson River, crossing Rondout Creek near South 
Rondout, were found to be remarkably pure and free from magnesia 
and well adapted to their purpose. As above stated, most of the 
day deposits near Hudson River carried too much sand to be of use. 
After earful search suitable clays were found away from the river, 
the best being found in en extensive deposit near Phcenicia, on the 
Ulster & Delaware Railroad. 

In 1880 the Wallldll Portland Cement Co. was organized. The 
limestone and clay properties above referred to were purchased, and' 
an abaiidoned flour mill at Carthage Landing, on the Hudson, was 
leased and equipped with suitable machinery, a drying channel, and 
two upright kilns. The manufacture of Portland cement was com- 
menced at these works early in 1881. The product, though small in 
quantity, was of excellent quality and hod a ready sale. Tests and 
reports by Clerk and Maclay demonstrated the value of the cement, 
and the experimenters were satisfied that the manufacture could be 
made commercially successful on a latter scale. At both the Low 
Point and Carthage Landing plants gas-house coke was used for fuel. 
Average analyses of the clay and limestone used are given on 
page 287. A typical analysis of the cement made at Carthage 
Landing follows: 

Afialgtit of txmtnt madt at CarOiagt Landing, N. Y. 

Lime(CaO) 58.13 

MBgne8»(MgO) L72 

lion peroxide (Fe^,) 5.17 

Alumina (Al^,) 8. 13 

Saicft{SiOJ 24.10 

Water, ftlkaliee. etc 1.46 

100.00 
In the latter part of 1881 work was commenced on a plant on the 
limestone property near South Rondout, and in 1883 works with a 
capacity of 200 to 300 barrels a day were put in operation. These 
works were equipped with Blake crushers, cone grinders, buhrstone 
mills, mixers, and formers. Sixteen upright dome kilns were in use, 
with n drying channel connected and hentpd by the waste gasps from 

' Umolane tram the aame h«iiaa Is nov being iised !□ Ihe nuniitaeture ol Portland «nitDt by two 
■Aoipuiin, the (^BUklLL CeRKnt Co, and Abana American Hortliad Cemenl Co., Iioth ol whk'h uv a shnt 
dlAviKa aouth of Cal«km. 
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the kilna. The hmestone and clay were crushed, ground, and mixed 
dry, then steamed and formed into bricks, which were loaded on iron 
cars and run by gravity through the drying channels. 

For some time after cement manufacture had been in progress at 
these works the gas companies of New York and Albany had sup- 
plied the coke necessary for burning the material, but the introduc- 
tion of the water^as process cut off this soiU'ce of fuel suppfy and 
left the plant dependent on PeunsylTaoia coke, the cost of which 
increased the cost of cement very lai^eiy. Mr. Sanderson therefore 
commenced experiments with crude Lima oil as fuel, but found that 
the clinkering of the cement materials in front of the burners pre- 
vented the heat from entering the charge. Knowing that this same 
difficulty had been met in metallurgic operations and overcome by 
the use of rotary furnaces, he b^en experimenting with a kiln which 
had been patented in 1881 by Geoige I>uryee, of New Jersey. 

In October, 1888, a kiln 50 feet long and 50 inches in diameter was 
put into operation at the South Roodout works. The upper end 
was at first made 50 inches higher than the lower end, but later was 
lowered to 30 iachfs. This method was found to be very satisfactory', 
the one kiln handling all the material the mill could supply and pro- 
ducing a uniform and high-^ade product. Of still greater importance 
was the fact that it was found possible to charge the mixed andground 
raw material directly to the kiln without preliminary wetting, making 
into bricks, and drying. This was the first American plant at which 
this practice of direct charging was followed. 

In 1889 the plant was entirely destroyed by fire, and Portland 
cement manufacture in the lower Hudson Valley ceased till 1900. 

Thefollowingnotesfrom the Rondout records establish some dates: 
October 2S, ISSS.—Bamed about 100 tmrelB to-day; oil fuel. Ground the lime- 
stone ukd clay separately dry, aod mixed before feeding to kiln, Miztuic — clay, 21 
poimda; limeatone, 80 pounds. 

Fthruary t5, ij^.— Mixture bumed— clay, 21 poundai limeatone, 100 pounds. 

Analyti* o/retulting eement. 

Lin)e(CaO) 65.96 

Silica (SiO,) 18.63 

Alumina (AljOi) Mid oxide or iron {Fe^J 1L09 

PotaahfKiO) 12 

Soda(NaaO) 62 

Carbonic acid (CO,) 97 

Magneeia and undetermined 2. 71 

100.00 
Phyncal UiU of Un*iU ttrength. 

7 days=253 pounds. 
14 daya"466 pounds. 
Second teats: 

7 dayB~306 pounds. 

10 dayB=-50B pouods. 
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Representative analyses of tlie limestone and clay used at the Car- 
thage Landing and South Rondout plants follow: 

An^ttt o/ limetUntt and dag uwrf /or cement making. 
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In the fall of 1890 operations were commenced at Mont«zunia, 
N. Y., where the company owned 1,700 acres of land, imderlain by 
a deposit of marl aod clay from 4 to 20 feet thick. The deposit lay 
below the level of Cayuga River and near its shores. It was over- 
lain by several feet of muck, which was first dredged off and used 
fur filling and grading for a railroad. The marl and clay had a rather 
uniform composition, and it was found practicable to excavate both 
materials by a steam dredger, which brought up a ton every three 
minutes. 

The marl, containing about 50 per cent water, was drawn by a 
steam hoist up an incline into the second story of the works and 
above the upper end of a mixing machine, into which the load was 
dumped without drying or other preliminary treatment. At the 
same time a weighed and ground portion of clay was added to 
standardize the mixture. The materials mixed as tliey gravitated 
toward the lower end of the machine. The entire process was prac- 
tically continuous, a fresh charge being added at the upper end of 
the mixer every 10 minutes, while an equal amount was being drawn 
off from the lower end. The mixture then passed to a stone mill 
that completed the mixing and ground any coarse materials^ From 
tlje mill the mixture was introduced directly by a screw conveyer 
into the rotary kiln, oil being used as fuel. This was unique not 
only in its length, 75 feet, but in having opposite its lower end a 
gas retort or combustion chamber, heated by a coal fire, that vapor^ 
ized the oil as it was sprayed into it. The air blast from a rotary 
fan blower also passed into this chamber. 

W. A. Smith • gives the following interesting contemporary account 
of this kiln : 

Duryee'e revolving furnace coivriste of a aheet-iron cylinder, 75 feet Iodr, inclined 
lownrd the firinf; end three-eighths inch to 1 loot. The lower hot end ie 6 feet in 
diameUtT (or a length n[ 20 leet, ftnd is lined 9 incheg thick with a mixture of ground 
fire brick and molasBes. The remainder of the cylinder, 55 feet long, has a diameter 
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of 5 fe«t, Mid it lin«d with S-ioch fire brick. Only the litiit^ %t the hot end requirea 
renewal, nod thia can be raplaced in lOhoun, atacoUof $25. Tbe cylinder revolves 
on cBst-iron rollers three timee a minute. The power requii«d ie 5 hoinepower. 

At the lower end a small coal fire is kept up on a grate, but the chief fuel is rmdo 
petroleum, introduced in a jet which meela the hot-air bla«t. The conaumptioD of 
oil ia 8 gallons p& barrel of cement clinker produced. Fifteen barrels of oil are 
required to heat the furnace ready for bunting cement. 

The clay and marl are mixed wet and run in aa a slurry at the upper end. The 
mixture in drying forms a mnd, which movee slowly downward with the turning of 
the cylinder, and is finally discharged at the lower end ae cement clinker of the rise 
of email gravel. It takes two hours to run the particles throu^. The operation ia 
COnlinuouB, and the product is 250 barrels per day. It is claimed that all the mixture 
ia burned to Portland clinker. 

From a series of analyses and teste, furnished by Mr. Duryee, the 
foUowing have been selected: 



Analyut of maUrialttued and rentUing prodtttt at UonUtuma, N. Y. 




■ CalcuhMd without fDObtuiB. 

A report by W. W. Maclay, dated April 28, IS!)2, gives the average 
tensile strength obtained, as follows: 

Neat, 7 days MB 

Mort«r(l:2), Tdays 245 

Mortar (1 : 2), 28 days 418 

The works at Montezuma were entirely destroyed by fire in June, 
1893, wid have never been rebuilt. The plant is of particular 
interest because of the advanced technologic methods there em- 
ployed. It was the first American plant in which wet raw materials 
were fed, without drying of briquetting, directly into rotary kilns. 

The history of the above plants, which bore a certain relation- 
ship to each other either in locality or management, overlaps in 
point of date the b^inning of the present system of New York 
cement plants. The destruction by fire of the South Rondout and 
Montezuma plants terminated the connection of the early experi- 
menters with New York's cement industry, and the early history of 
that industry may be said to end in 1893. As eariy as 1886 another 
Portland plant had been erected, but this plant was mant^:ed by an 
Englishman, and the problem was attacked in an entirely different 
manner. Tlie earlier plants liad been aggressively original and 
American; the plant at Warners, with its dome kilns and wet mix- 
ing, was ultra-English. Until within the lust few years the typical 
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New York plant has been one using marl and clay,' mbdng wet, 
biiquetting and drying, and burning in dome kilns. The Warners 
Portland Cement Co. erected a rotary-kiln plant near Warners, 
Onondaga County, but it was in operation only a short time and has 
been shut down since 1SS4. 

PRESENT CONDITION. 

Though New York took a promment part in the early development 
of the Portland cement industry of the United States, it now ranks 
ninth as a cement producer. However, the extensive series of lime- 
stones which outcrop within its borders and its excellent local markets 
for cement and cement products will probably enable it to improve 
its rank as a Fortluid cement producer very materially withm the 
next few yeafs. 

In 1911 seven Portland cement plants, with an output of 3,314,217 
barrels, were in operation in New York State. Of these, one employs 
Trenton limestone with clay, four use limeetones of the Helderbwg 
group with clay or shale, one uses Tully limeetone with shale, and two 
employ marl and clay. Two other plante, both using marl and clay, 
have been Idle for several years but are described below in order to 
complete the record. 

The plant of the Alsen American Portland Cement Co. is located at 
West Camp or Alsen station, near that of the Catekill Cement Co. 
The materials at first used by this company were the Becraft lime- 
stone of the Helderberg group and clays of Quaternary age. As 
elsewhere along Hudson Kiver, considerable trouble has been expe- 
rienced in using theee clays for cement material, the difficulty b^g 
due in part to their low silita content and in part to the necessity for 
careful drying. Excellent shales, however, occur in the immediate 
vicinity of the plant and can be used with the limestone. The Becraft 
Unaestone is here, as in most places, fairly high in lime carbonate, 
ranging from 92 to 9fi per cent, and is low both in clayey matter and 
in magnesium carbonate. Shaly limestones which also occur in the 
Helderberg can be combined with the Becraft limestone. 

The plant of the American Cement Co., located 2 miles east of 
Jordan, Onondaga County, was erected in 1892. The works were 
operated without interruption until 1900, when they were shut down, 
owing to new construction by the company aC Egypt, Pa. 

The materials used were marl and clay, both obtained from a marsh 
near the works, another bed of marl bcdng owned by the company 
nearer to Jordan station. The marl was white, varying in thickness 
from 8 to 16 feet. It was overlun by thin muck and underlain by 
blue clay. The muck was stripped, and the marl and clay were 

< TtBK wai. Id bet, bat ene eznptloD M thb rule. The Ol^iu Falls Portlaad CBment Co., it Olaiii 
IWi, Warren Coaatj, bu operated Bdioebr kOiu sfnce ISM on llmestoiie aod olaj. 
48894°— Bull. 522—13 19 
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dug and transported to the works by a wire ropeway. The clay 
was dried and ground separately, after which it was mixed with 
the marl in pug mills. The resulting aluny was spread out on a dry- 
ing floor and cut into bricks. These bricks were then loaded on plat^ 
form cars, dried in tunnels heated by coal fires, and fed to the kilns. 
Twelve kilns of the dome type were in use, coke being used as fuel. 

The clinker was reduced first in Gates and Mosser crushers and 
finally in Griffin mills. The cement was marketed as the Giant 
(Jordan) brand. The following analyses of the raw materials and 
finished product were furnished by the company: 

Analj/ia of cement maUnaU and cement of Amenasn Cement Co., Jordan, N. Y. 
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The Portland cement plant of the Catskill Cement Co. at Smith 
Landing, Greene County, was erected in 1899 and shipments were 
commenced in July, 1900. The materials used are claj from the 
river terraces and limestone of Holderberg age. A bucket cableway 
is used to transport the raw materials from the quarry and clay bank. 
The following average analyses of these materials were furnished by 
the company: 



Analytt 


* o/ftTnotoiM owj cloir iMcd b^ CatO^ill Cement Co. 
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The cement is marketed as the Catskill brand. The following 
analyses of the finished product were furnished by the company, 1 
and 2 having been made In its laboratory, and 3 by H. £. Keifer* 
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era mads by CattkUl Cement Co. 
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The plant of the Cayuga Lake Cement Co. at Portland Point, 
Tompkins County, on the east shore of Cayuga Lake, uses Tully lime- 
stone and sliales of the imderlying Hamilton formation. 

The following analyses, by J. H. McGuire, chemist of tiie Cayuga 
plantj show the composition : 

Analy$ei of aemenX-moki-ng malenaU u»ed by Cagvga Portbmd Cement Co. 
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In 1886 T. MUlen & Sons commenced the manufacture of Portland 
cement at Warners, Onondaga County. In 1890 the plant was pur^ 
chased by the Empire Portland Cement Co., and the works were 
almost entirely rebuilt, a much larger output being secured by t^e 
improvements then introduced. 

A few years ago the dome kilns formerly used at this plant were 
replaced by rotary kilns. This plant was not in operation in 1911. 

The materials used are mart and clay, obtained from a swamp in 
the vicinity of Warners, the present workings being located about 
three-fourtbs of a mile from the' works. The marl bed covers several 
hundred acres, of which about 100 hundred acres had*been exca- 
vated in 1905. A revolving derrick with clam-shell bucket is em- 
ployed for excavating the marl, the clay being dug by hand. The 
materiab are taken to the works over a n&rrow'^age railway owned 
by the company, on cars carrying from 3 to 5 tons each, drawn by 
a small locomotive. At the works the cars are hauled up an inclined 
track by means of a cable and drum to the mixing floor. 

The swamp from which the raw materials are obtained shows sec- 
tions, from top to bottom, approximately as follows: 

Section in twamp at Wantert, N. Y. 

Few. 

Muck 1-2 

Upper bed, white marl 4-7. 

Lower bed, gray to brown marl 4-7 

Sand 0-1 

Bluieh clay 2-5 

As might be expected from the relative color of the marls, the 
material from the lower bed shows on analysis more organic matter 
than that from the upper bed, for which reason more of it must be 
used with the same amount of clay. This distinction is accompanied 
by other slight but rather constant differences in chemical compo- 
sition, which have also to be taken into account in pr^aring the 
cement mixture. 
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Analyses 1 and 3 below are quoted by Ciimminga;' 2 and 4 1 
furnished by the Empire Co. 

Awdyia of cemmt-mating mattriaU utedat Wanurt, If. Y. 
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This clay runs higher in lime than any other in the State, the clay 
shoving the nearest apiHt>ach to it being that used at W&yland, 
which carries a Uttle less tiian 20 per cent of lime carbooate. 

Of the analyses of the Empire brand below, 1 la quoted by Cum- 
mings,' 2 by Lewis,* and 3 was furnished by the company. 



Analytm o/emetU made by Empire Cement Co., Wamert, 
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In 1893 the Glens Falls Portland Cement Co. commenced the 
erection of a plant at Glens Falls, Warren County, and in 1894 put 
"Iron Clad" brand of cement on the market. Six shaft Idlns of the 
Schoefer type were installed, the Glens Falla plant being the second 
in this country to make use of that type. Though highly economical 
in fuel, these kilns were rather expenaiTe in both the quantity and 
quality of labor, and they have recently been replaced by rotary 
kihis. 

The materials used are limestone and clay. The former is of 
Trmiton age and is obtiuned from the Glens Fidls quarries. Con- 
siderable care is required in selecting and mixing ihe stone from the 
different layers in order to obtain a suitable and uniform product. 
A Twy clean and uniform clay, overiying the limestone in this area, 
is the other ingredient. The composition of these materials and of 
the resulting cement follows : 

1 Cnmailagi, Uriah, AmailoMi caonDla, IBBS, p. 2S3. 

• Op. dt, p. M. 

■ matai IndiMtiT. toI. a, iSM, p. «. 
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AnaJyHi itfemunt^nakhtgmaUriab and cement from Gims FalU, N. Y. 
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Tlie plant of the Helderbei^ Cement Co, is located at Howes Cave, 
Schoharie County. Quaniee in the Salina formation or Rondout 
limestone at this point have been long xised for the manufacture of 
natural cement, while quarries higher up, both geologically and 
topographically, furnished a very pure limestone, which was burned 
into lime. 

In 1898 the Helderberg Cement Co. began to utilize stone from these 
latter quarries in the manufacture of Portland cement. Though 
commenced on a small scale, the industry would seem to have pros- 
pered, for a much lai^er plant belonging to the same company Was 
erected during 1900 and has been in operation continuously since 
that date. The materials used are limestone and clay. As noted 
below, the limestone used at this plant for Portland cement is obtained 
from the old lime quarries, and the clay is taken from a Quatemuy 
deposit in the vicinity. 

The limestone used in Portland cement manufacture is obtained 
from the Becraft and Manlius limestones exposed in quarries just 
west of the station, on the northern side of the railroad track. Partial 
analyses of these limestones, quoted by Prosser as having been made 
by C. A. Schaeffer, follow: 

Anafym 6/ limaUmu tued at Howet Cave, N. T. 
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Another sample analyzed by Schaeffer gave the results stated 
below. 

Anal^tU of HauMUme xuedfor makinf cement at Bawt Cave, N. 7. 

Snica(SiO,) 1.27 

AlumiM (AI,0,) > 

Iron oxide (Fe,0,) / ■'* 

Lime carbomito (CaCO,) »7.24 

Hagneeium carbonate (MgCO^ L 39 

Sulphur trioiide (SO,) Tnco. 
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The plant of the former Hudson Portland Cement Co. was biiilt 
some years ago in the city of Hudson, Columbia County, tmd was 
at that time the only cement plant in the United States east of 
Hudson Kiver. Late in 1908 it was acquired by interests closely 
associated with the Atlas Portland Cement Co., and a new and much 
latter plant is being built a few miles from the site of the old one, 
and will be operated by the New York & New England Cement & Lime 
Co. The limestone used here is obtained near the new plant, from 
ui outlying area of Helderbet^ limestone known as Becraft Mountun. 
Quat^naary clays and shalaa of OrdoTician '^e were used to com- 
plete the mixture. Other shales occur, however, as well as shaly 
limestone, and it is probable that in the future the cemuit will be 
made from some of these matorials. Analyses by Heibei^ and 
Roney of the days and shales originally used at Hudson follow: 

Analyut of oenunt^mating maUriaU uud at Hudton, N. Y. 
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llie Marengo Portland Cement Co. formeriy operated a plant near 
Caledonia, Livingston County. This plant was built in order to ufljlize 
a local marl deposit, the marl being mixed with clay brought from 
Canawangus, Geneaee County. In 190d, however, limestone from 
near Leroy was substituted for the marl. Analyses of the marl and 
clay formerly used here follow: 



Amilgtet of temtnl-makmg materiaU uted near Catedonia, N. Y. 
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The Empire Portland Cement Co. erected a plant at Wayland, 
Steuben County, which commenced producing in October, 1002, but 
which has now ceaaed operations. The materials used were marl 
and clay. The marl was obtained from a deposit near the mill, 
about 185 acres of marsh land being owned by the company. The 
marl bed in this marsh is about 6 feet thick. Unlike the deposits of 
Onondaga County, however, it is not imderlain by clay, and the 
latter material ia obtained near Mount Morris, in Livingston County, 
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where it is one of a Beries which occur in tte terraces bordering 
Canaseraga Creek and Genesee River, extending more or leea con- 
tinuously from Dansville nearly to Rochester. The clay for cement 
was worked at a point about 4 miles south of Mount Morris, and was 
shipped over the Lackawanna Railroad to the works, a distance of 
about 20 miles * 

The following analjreee of the raw materials and of the finished 
product are furnished by the company: 



Atmlyui ofelag, marl, andeaiutU, Wagland, N. 
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The analyses of the clinker were made for the company by F. £. 
Engelhardt, of Syracuse, N. T. 

The plant of the Wayland Portland Cement Co. was erected in 
1896 in the town of Wayland, Steuben County. It uses a hght- 
colored marl from a deposit 2 to 14 feet thick, overhun by 6 inchee 
to 3 feet of muck, which occurs in a marsh near the works, and a 
light-gray Pldstoeene day from Mount Morris, Livingston County. 
The marl is not underlain by day. The following analyses of the raw 
materials were furnished by the company: 

Arwdyitiafmmlimd^a^iatdal Wayla-nd, N. Y. 
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In addition to the plants above described, one othw, that of the 
Knickerbocker Portland Cement Co., on the east side of the river 
near Hudson, began operation in 1911. This plant uses the 
Becraft and other limestones of the Helderberg group with clay or 
shale. 
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BEBZJOaBjUET. 

The following list contains the more important papers and reports 
referring to the cement materials of New York State. It could be 
extended indefinitely, for most papers on general geol*^ contain 
references of more or less importance to limestones, ttlays, and other 
cement materials, but it has been restricted to such papers as deal 
with important limestone areas. 
Bishop, I. p., Structural and economic ge<Jcgy of Brie County; Fifteenth Ann. Rept. 

New York Stale Qeologiat, vol. 1, 1897, pp. 306-39S. 
GusHiNo, H. P., Qeoli:^ of Clinton County: Thirteenth Ann. Rept. New York State 

Geolcgiat, 1894, pp. 473-190. 
Dakton, N. H., Geology of the Ut^wk Valley: Thirteenth Ann. lUpt. Now YoA 

Slate Gedogiet, 1894, pp. 407-430. 
Report on the Helderberg limealonM; Thirteentti Ann. Kept. New Ytwk Stale 

GeologiBt, 18M, pp. 197-228. 
Report on the geology of Albany County: Thirteenth Ann. R«pt. New York 

State Geologist, 1894, pp. 229-262. 
Report on the geology of TJbter County: Thirteenth Ann. Bept. New Y«t 

State Get^t^t, 1S94, pp. 289-372. 
Preliminary deacription of the faulted r^on <A H^dmer, Fulton, Montgcanery, 

and Saratoga counties: Fourteenth Ann. Rept. New York State Geologist, 1895, 

pp. 30-56. 
Eckel, E. C, Chapters on the cement induaby in New York: Bull. New York State 

Mus. No. 44, 1901, pp. 849-897. 
The quarry industry in Boutheaslem Now York: Twentieth Ann. Rept, New 

York State Geologist, 1902, pp. 141-178. 
Qkabah, a. W., Stratigraphy of Beciaft Mountain, Columbia County: Bull. New 

York State Hus. No. 60, 1903, pp. 1030-1079. 
Geology and paleontology of the Schoharie Valley: Bull. New York St»ee 

Hub. No. 92, 1906, 310 pp. 
Habthaqkl, C. a.. Preliminary observationa on the CoUttkill limeetone ot New 

York: Bull. New York Stale Miis. No. 69, 1903, pp. 1109-1175. 
Lincoln, D. S., Report on the structural and economic geology of Seneca County: 

Fourteenth Ann. Rept. New York State Geologist, 1895, pp. 57-126. 
LuTHBB, D. D., The economic geology of Onondaga County: Forty-ninth Ann. Rept. 

New York State Mus., pt. 2, 1898, pp. 237-304. 
Geologic map of the Buffalo quadrangle: Bull. New York State Mus. No, 98, 

1906, 29 pp. 
PnoasBB, C. 8., and Cuhings, E. R., Lower Silurian formations on West CmukU 

Creek and in the Mohawk VaUey : Porty-ninth Ann, Rept. New Ycwk State Mus., 

pt. 2, 1898, pp. 615-660. 
RiES, Ebinrich, Geology of Onmge County: Forty-ninth Ann. Rept. New York Statv 

MuB., pt. 2, 1898, pp. 393-476. 
Limeatonea of New York and their economic value: Seventeenth Ann. Rept. 

New York State Geologist, 1899, pp. 355-468. 

Clays of New York: Bull. New York State Mus. No. 85, 1900, 456 pp. 

Lime and cement industries of New York: Bull. New Y«k State Mu». Ho. 44, 

1901, pp, 640-848. 
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PORTIiAin) CISMBNT RESOtJRCES OF NOBTH CAXtOZiINA. 

No cement plants have ever been operated in North Corolina, and 
the State will probably never be an important cement producer 
because of the conditions as to fuel and the lack of local markets. If 
commercial conditions should justify the erection of a cement plant, 
however, good raw materials are available. 

POBTLAND OXHBiri XATBBZALB. 

The limestonee suitable for cement manufacture in North Carolina 
fall into two classes, distinct geographically as well as geoIogic&Uy. 
These ore (1) the crystalline limestones of western North Carolina 
and (2) the soft limestones of eastern North Carolina. 

0BT8TALLINE LIUE8TONE8. 

In the extensive area of metamorphic and igneous rocks that covers 
the western half of North Carolina outcrops and beds of crystalline 
limeetones, or marbles, are common. Many of these marbles are 
highly magnesian in composition, but the specimens used for the 
analyses below were low in magnesia. 

Artalgiei o/eryitallme limettotui, North CaroliMa.' 



eOfoacaiOij 

Ahmiliik (AhOil. . 
Ino^datFuOiJ. 
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■ Btatarrflls, taayat. Bull. Kotai Csndliu OmI. Burrer No. I, UM, p. ns. 

1. CURianaaqmtn, IlidJnWKithmstolUiiri^.CtMnikeeCaaitr. 

2. Kims; qouTy, i ailn siMnb<mit of U arpb;, Ctunkee Count;. 

So far as oompoeition ^oes, these are certainly satisfactory enough 
for use in cement manufacture, but commwcial considerations would 
prevent the erectaon of a Portland cement plant in this part of the 
State. 

aorr uhhstonkb (shbix habls). 

In the eastern part of North Carolina heavy beds of soft limestone 
occur in the Blocene and Miocene formations of the coastal plain. 
These soft limestones are the "marls" of early geologic reports but 
should not be confused with the fresh-water marls now so lai^y used 
aa cement materials. Most of the limeetonee of North Carolina are 
low in magnesia but contain considerable percentages of clayey matter 
or of sand. A deposit free from sand would furnish excellent material 
for Portland cement. Clays to complete the mixture could readily 
be obtained in the same formations. 
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AnatfiM* of toft limtttanet ("nunit"). North Carolina.'' 
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Lumbar Rlvtr, RobMon Count;, 

Cape F«ar River, U mllM north or WUmlacton. 

KenaiBTltle, DnpUn County. 

9. Two mllaa above Roekv Patnl, New Hanomt Cmntr. 

— One mile norlhcait of WUmlngton. New Uaiiai<er Countr. 

11. Ooa mike weat ol Hock; Foint, New Huiova County. 

The shell marls or fragmental limeetones just referred to, both in 
text and in table of analyses, occur in thin but fairly continuous beds 
along the entire coast of North Carolina but are exposed best along 
the larger streams. In the Ticimty of Newbem, where they appear 
exteosively along the Neuse and Trent rirers, Uie senior writer 
recently had an opportunity to examine them in some detail as a 
possible source of Portland cement material. Though the results of 
the examination were unfavorable to such utilization, they developed 
certain facts which are summarized for this bulletin. , 

The marl beds near Newbem vary from 5 to 15 feet in thickness. 
Except along the main streams, where they are exposed in the banks, 
they are commonly covered by heavy deposits of sand and sandy clay. 
As the marl beds were originally simply masses of shells, very loosely 
compacted and porous, the overlying aand has naturally sifted down 
into and through the marl, so that the beds aa they exist now are 
almost everywhere full of saud grains. The extent to which the marls 
have been thus damaged for commercial uses is shown by the follow- 
ing analyses, all of which were made by A. J. Phillips at the St. Louis 
laboratory of the United States Geological Survey on material sam- 
pled by the writer: 



ATtalgiei of Ternary vvtrUfr 
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These analyses show that the material can not be put to satisfactory 
use for either Portland cement or lime. Of the 13 samples recorded, 
only 1 is reasonably high grade so far as silica is concerned. Aa 
the local clays, so far as examined, were also very sandy, and as fuel 
in this area is by no means cheap, the problem of utilizing these marls 
commercially is difBcult. 

PORTLAl^n CBMENT RESOtJKCES OF NORTH DAKOTA. 

Only one limestone formation of any importance — the Niobrara, 
of Upper Cretaceous age — is found in North Dakota, and even this is 
almost entirely concealed by a thick covering of drift. The Niobrara 
formation was recently utilized for Portland cement manufacture at 
Yankton, S. Dak., and it gives promise of being a future source of 
cement material in Nebraska and Iowa. 

The physical characters and chemical composition of the Niobrara 
limestone are fully described on pages 257-258. It is of peculiarvalue 
OS a Portland cement material, both because of its softness, which 
permits it to be easily crushed and pulverized, and because of its 
general freedom from magnesia and other injurious ingredients. 
Outcrops of the Niobrara, moreover, are commonly capped by clays 
)f the Pierre shale, which furnish admirable materials for mixing 
(rith the chalk. 

' Portland cement nianufactiu% has been attempted at only one 
place in North Dakota, and there the Niobrara limestone was found to 
be too low in lime. 

PORTIiAND CEMENT RESOURCES OF OHIO. 
FOBTIiAiro CBKBHT 1KATBBIAI.B. 

The geologic divisions which contain low-magnesia limestones in 
Dhio (see PI. XV} are the following: 

1. "Trenton" limeatone (Ordovician). 

2. Cincinn&tian limeetoneB and ahalee (Oidovician). 

3. "Clinton" liiiieBb)iie(8ilurian). 

4. "Comifeioufi" limeatone (Devoniam). 
6. Mazville limeetone (MiaBieeippiaD). 

6. PeuBsylvanian ("Coal Heasuree") limefltoaee. 

7. Quaternary marla. 

"teenton" limbstone. 

The "Trenton" limestone consists of shale and pure limestone, 
rhich outcrop in a narrow strip along Ohio River from the mouth of 
he little Miami to a mile or two above New Richmond. 

In view of the cheapness of fuel and transportation, the abundance 
md general excellence of material, and the ease with which it may 
be prociund, the strips bordering Ohio River from Madison, Ind., to 
Vlaysville, Ky., seem to offer unusually promising locations for 
Portland cement plants. 

i.ii.X-.oo'.^lc 
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oiNcnnrATUif shales aitd ldcebtokeb. 

The Cinciimatiaii seriee in this r^on may be separated into three 
well-marked diviBions: The lower division, about 260 feet thick, 
consists almoBt entirely of sh&Ie; the middle diTiaion, 200 to 250 feet 
thick, contains nmuerous layers of limestone from 3 feet to 20 feet 
thick; the upper division (Richmond)^ consists of ntmierous alter- 
nating beds of soft shale and limestone, generally with a heavy bed 
of shale at the base and top. 

AnalgKt ofOTdavieUm Ixmalona, Ohio. 
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A long series of analyses of limestonee from the Cincinnatian series, 
presented by Peppel in a recent report on the limestones of Ohio, 
shows that in few of them is the lime content high enough for use in 
the Portland cement industry. The selected analyses presented in 
the above table represent the purer beds of this group and not its 
normal type. 

"CUKTON" LUfBBTONE. 

The "Clinton" limestone, exposed and quarried at many points is 
the southwestern quarter of Ohio, is commonly fairly low in magnesia, 
ranging from 80 to 95 per cent in lime carbonate and rarely going 
above the latter limit. Some beds are almost free from magnesium 
carbonate, but others carry as much as 10 per cent. 

AnaJj/taofCHnttm" limatOM, Ohio. 
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"oOBNIFBBOtTB" LUCESTONX. 

The "Comiferoua" limeetone, which correepoads approximately 
to the Onondaga limestoDe of New York, contains heavy beds of 
magnesiBii limestones and smaller amounts of limeatoQes low in 
magnesia. The variation in this respect that may ezist in a single 
quarry is well shown by the following analyses: 



Anatyiet of ' ' Comtftn 
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T. Q. WocmlQ, uialni*. Idem, p. TBI. 

The analyses below represent the low-magnesia beds in this forma- 
tion: 

Analysts ofCom^trmu" IwuaUme, Ohio. 
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S, 0, T. Stats qoKij, ColombDa, FnnUIn Cinffltr, C. C. Honrd, aoalyit. Oeol. Smray Ohio, rOL S, 

lS78,j)p.«7,01g. 



HAXTILLB ("lower CABBONIPEBOUB ") LIMESTONE. 

The coal fields of Ohio are encircled by a belt of Miasissippian rocks, 
which include a prominent limestone formation — the Maxville lime- 
atone. Most of this limeetone is low in magnesia and fairly high in 
lime, generally ranging from 80 to 90 per cent in lime carbonate, 
as shown by the following analyses : 
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Anafyiet of UaxvUh limeilotu, Ohio. 
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Th« wialyHB an taken bum Rqit. Oeol. Stirvar Ohfo, vol. 3, 1878, p. 914. 

PENNBYLVANIAN ("COAL ICEASUEES") LJME8T0NE8. 

Limestone beds occur at intervals throi^hout the Pennsylvaiusii 
series in Ohio as in the adjoining area of Pennsylvania, Most of these 
limestones are of only local importance and require no description 
here. One Umestone, however — the Vanport ("Ferriferous") lime- 
stone member of the Allegheny formation — now furnishes cement 
material to four Portland cement plants in Ohio and to one just 
across the border in Fennsjlvanis. It varies in thickness from 8 to 
16 feet or more. It is everywhere low in magnesia and generally 
carries from 80 to 90 per cent of lime carbonate. The following 
analyses represent its composition: 
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AlumlntKAIiOi) and Iron oxide (F«i0i).. 
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' AiumJn*, 1.23; Iron oiidB, 0.39. 



I. EUart, I^-vnoo* County. TwentlWb ,_ 

, ' ooConnty. N. W. Lord, anslrrt. Oeol. Sum; 

-, vnceCouDty. C. D. Qulok.BMlyiit. 

i. LowdlTine, Hkhoolnc County. N. W. Lord, uulTBt. Oeol. Bon 



Kept. IT. S. Oeol. Survay, pi. (oontlBaM]). 1800, p. 431. 
mioD, lAwraua unmiy. w. w. una, anslrrt. Oeol. Sumy OBlo, v' " "'"' - """ 
Ironton, lAwmice County. C. D. Qolok, ■nalyi 



a. vol. A, 1881. p. UOe. 

E, 18M, p. 1100. 



10. Texas EoUow. W. 8. TrueUood. uulyat. 

QUATEENART MAEL8. 
Marl deposits occur in several parts of Ohio but apparently not so 
oxtensively as in Indiana and Michigan. At present three plants 
are using marl as a Portland cement material. 

FOBTIiAND OBUBirr INDUSTBT OF OHIO. 
In 1911 Ohio ranked twelfth among the States as a producer of 
Portland cement, its output in that year amounting to 1,451,852 
barrels. This total output was the result of the operations of five 
plants. Three of these, in eastern and southern Ohio, used the 
Vanport ("Ferriferous") limestone with shale, also of Pennsylvanian 
age, in their raw mixture. The other two plants, situated in central 
and northwestern Ohio, used a mixture of marl and clay. 



The Ohio plants UBmg limestone are the Diamond Portland Cement 
Co. at Mddle Branch, the Ironton Portland Cement Co. at Ironton, 
and the Superior Portland Cement Co. at Superior. The Alma Port- 
land Cement Co. at Welbton, the ^high Portland Cement Co. at 
Wellston, and the York Portland Cement Co. at Portsmouth also use 
limestone and shale of Pennsylvanian age, but did not operate in 
1910. The plants using marl and clay in 1910 were the Sandusky 
Portland Cement Co. at Baybridge and the CaataUa Portland Cement 
Co. at Castalia. 

Aitalyu* of limettonet and thaUs lued in Ohio. 
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S, 10. IjtfJglkPortUiid Cement Co. W. B. Tnisblood, uulrst. 
4,S,T,g,9. DtuDond PorIlsndC«msiitCo. E. DkTldam, uutyit. 

The plant of the Sandusky Portland Cenlent Co. formerly ran 
entirely on a mixture of marl and clay but at a lat^ r date began using 
limestone in part. This change was due to the impending exhaustion 
of its marl deposit, and it is probable that the plant can not much 
longer be included among the marl-using group. 

Analytet o/marlt and e\ag» rued in Ohio. 
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1, 1. Buckeye PortUnd Cnn«Dt Co. UbMna Indintry, vol. 1, lM3,p.U. 
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POBTTiAND CEMENT REaOtTRCES OF OKXiAHOBCA. 

POBTLAHD OBKENT KATBBIAIiB.' 

Limestones of several different ages occur in Oklahomft, and most 
of them are probably suitable for cement materials. No complete 
analTses are, however, available so far as the undeveloped limestone 
beds of the State are concerned. (See PI. XVI.) 

OAMBBIAN, OBDOTIOtAIf, SILUBIAK, AMD DEVONIAN I.IHB5T0NBJS. 

A large part of the Arbuckle Mountains and of the northern foot- 
hills of the Wichita Mountains is composed of a great section of Cam- 
brian, Ordovician, and Silurian limestones ' nearij 8,000 feet thick, 
containing three distinct limestone formations, separated by depoeats 
chiefly of shale. 



The lowest limeetone formation, the Arbuckle limestone, counts of 
limestone and dolomite of Cambrian and Ordovician age 4,000 to 
6,000 feet thick. Samples from the lower part and from the top 
downward for 600 or 700 feet showe4 a very small percentage ^ 
magnesia. Beds 2,500 feet below the top contain a small amount of 
magnesia. Probably 2,000 feet of massive beds in the central part 
of the formation are dolomitic; a sample from approximately the 
middle of the fonnatioa yielded 29.4 per cent lime and 19.2 per cent 
magne^a, showing it to be nearly normal dolomite. A sample from 
the lower part of this dolomitic zone showed 33.1 per cent lime and 
14.3 per cent magnesia. 

The Arbuckle limestone outcrops over more than threft^ourths of 
the surface of the central part of the Arbuckle Moxmtain dbtrict, 
inclosing pre-Cambrian granite and granite porphyry. Almost all 
the limestones of the Wichita Mountains belong to this formatJoo, 
i^ch is fine textured and generally hard. 

VIOLA UmSTOlR. 

An Ordovician limestone, 500 to 700 feet thick, known as the VioU 
limestone, q,u4vrops in a belt in the border of the Arbuckle Mountains 
and in small areas in the central part. It makes three small hilk near 
Bainy Mountain Mission, in the Wichita Mountains. Chemical twts 
from this limestone in the Arbuckle Mountains show it to contun 

■ Boll. U. B. Oral. SoTvcy No. M3, wbldi mar b« n^idsd u u MfVer tdltlco or tbe pranot nvntifloo- 
taliMdkpipttb/I, A. TaflonlliBFattlMidMmcDinaoanoolliidkiiTenitorT'. A»thlip^»i««Miti 
tha moat dettnlte knowlcdga r«t obtalnabla on tbe mbject, H li i^iwlDCod hara wtth aolr ■ bw toW 

SlDDa tha aboTs nola wu wiltl«i ■ laport m Fartland oamBot malsiUi In OUatLOma baa ba^ pab- 
lUiad by Hit Oklahoma Oaidogleal Bantj, u aatad Iq tbs UbUocraidiT ao paga 3M.— B. 7. B. 

• Thng llmaitoaca an dtacrlbad Id datall In tba Atoka and TWunnlnflo Mka Noa. 7S (UC0) anl W (IM. 
OeaLAtluU. a. AM In Qodocr «( Uu Arbwkk and WkUM nunlUallv; ProL Fipar U. 8. 0«oL Sn- 
TV Ko. 31, IMM. 
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very little magnesia. It is fine textured and generally hard and con- 
tains local deposits of chert. 

SYI.VA1T BEAI& 

A deposit of greenish clay shale 50 to 300 feet in thickness, lying 
above the Viola limestone, is known as the Sylvan shale. It out- 
crops in narrow belts and has a wide distribution in the Arbuckle 
Mountains, but in the Wichita Mountains both it and the "Huntoa 
limestone" are concealed by Permian depoaite. 

"BUitTOir uusTora." 
Separated from the Viola hmestone by about 150 to 300 feet of clay 
shale (Sylvan ehale) are limestones of Silurian and Devonian age 
having an average thickness of about 200 feet. These limestones 
vary in physical character and in composition throughout the section. 
A massive white bed at the base is in some places almost pure lime- 
stone and in others is in large part sihcified. In the central part 
beds of clay and marl are interstratified with the limeatone. Samples 
of limestone from the lower part of these beds contain a small amount 
of magnesia. Toward the top the limestone is white to hght yellow 
and becomes more massive. Some of the layers near the top, how- 
ever, contain local allegations of chert. In older reports ' these 
limestones are mapped together as the "Hunton limestone." Like 
the Viola limestone, they outcrop around the borders of Arbuckle 
Mountains in a narrow belt, besides occurring in many small areas 
in th& central part. 

CARBOHIF&BOnS LIMESTONES. 

In northern Oklahoma a few belts of Carboniferous limestones 
appear as continuations of the areas which are so important in 
Kansas. These limestones thin out and disappear to the south, 
however, and are probably of workable tHckness only as far south 
as Cherokee County. Other formations of middle Carboniferous age 
occur in the eastern part of the State and extend into Arkansas north 
of the Boston Mountains. These limestones are thin bedded and 
are associated with blue to black clay shales. Analyses of some of 
the beds from their eastern extension in Arkansas show only a trace 
or a fraction of a per cent of magnesia. 

In central Choctaw Nation uid along the southern edge of the coal 
field is a long lentil of Carboniferous limestone of the same age and 
character as the limestones in eastern Cherokee Nation. In the cen- 
tral part of the exposure many of the beds are massive and the forma- 
tion attains a thickness of nearly 300 feet. The eastern end of these 
exposures extends nearly to the Arkansas line on the north fiank of 

'Op-dt 
48834°— Bull. 522—13 20 
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the Ouachita Mountains, and their west end is against the Arbuckfe 
Mountains. In physical characters this limestone is essenti&lly the 
same in quality as the limestones in eastern Oklahonka and uortbwn 
Arkansas. 

CRETACEOnS I.IME8TOME8. 

Cretaceous limestoaes occur in the southern part of the State, 
in several distinct formations associated with the limy clays. These 
limestones are mosUy soft, thin bedded, and of various shades, rang- 
ing from hght blue through cream to white. The lowest limestone 
bed is, however, massive, white, and generally homogeneous. These 
fonnations continue southward in unbroken exposures from Red 
River and, judged by analyses of very similar beds in Texas, are 
probably low in magnesia. 

POBTLAjn> OBHBST INST7BTBT IN 0KI.AH01U,. 

By £. F. Bdrohau). 

The fact that the limestone formations worked so extensively for 
cement material in southeast Kansas are also found in Oklahoma 
naturally affected the development of the Portland cement industry 
of the latter State. Practically all Oklahoma cement manufacturer 
and promoters have directed their attention toward the use of Ca^ 
boniferous limestones similar to those used in the lola-Independenct 
district of Kansas. 

In 1911 Portland cement was produced by two plants in eastern 
Oklahoma — that of the Oklahoma Portland Cement Co. at Adaand ttut 
of the Dewey Portland Cement Co, at Dewey. At the Dewey plant 
limestone of Pennsylvanian age b quarried 1 ) miles east of the pl&nl, 
mixed with shale from the same formation and with a small quantity 
of Quaternary clay. Natural gas is used both for power purposes and 
for bumii^ the clinker. The Oklahoma Portland Cement Co. obtains 
its shale and limestone from a quarry 6 miles distant. Both materials 
are of Carboniferous age. Coed is used as fuel, but it is reported that 
it is to be supplanted by oil in the near future. A third plant is 
reported as being constructed at Hartshome by the Choctaw Porlr 
land Cement Co. The rock to be utilized is of Carboniferous age, and 
a shale that underlies the limestone. Coal will be used as fuel. 

BIBUOOBAPHT. 

Gould, C. N,, and otben, Preliminary report on the atructurel matenalB of OkI»- 
homa: Ball. OUahoma Geol. Surrey No. 5, 1911, 182 p^es. 
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PORTIiAND CEMENT RESOURCES OF OREOON.' 
FOBTLAmD CBHBNT HATEKIAI^B. 

Little work has been done by the Survey on any of the nonmetal^ 
liferous mineral resources of Oregon except coal. In consequence, 
the data presented below on the distribution and composition of the 
limestones of the State are too scanty to be satisfactory. It is prob- 
able that workable limestone deposits other than those described 
below exist in many parts of the State. So far as known, however, 
the more important deposits of Or^on occur in two widely separated 
districts — the southwestern and the northeastern. 

SOUTHWBSTBRN OREGON. 

The limestones of southwestern Oregon are well developed at 
several places in Jackson and Josephine counties, where they have 
been used to a considerable extent for lime burning and flux. These 
limestones are generally of uncertain age— some are Devonian, others 
most likely Carboniferous, and a few certainly Cretaceous. They 
occur as a series of lenses of greater or lesser size in the partly altered 
rocks of the district. 

Several such bodies outcrop in the neighborhood of Rock Point, or 
Rogue River, in Jackson County, where they have been extensively 
exploited. A small quantity has been burned locally into lime, some 
has been shipped to the Portland lead smelters as flux, and a larger 
amount has been shipped to Portland and burned there into lime. 
Stone for building purposes has also been derived from this series of 
hmestone beds. 

An analysis of limestone from Rock Point, made by J. S. Philhps, 
follows : 

Atialym of Imtibme/r-om Roct Point, Orcg. 

Saica(8iO,) 3.1 

Iron oxide (Fe^O,) 2. 2 

Lime carbonate (CaCO,) 89. 4 

Hagnesium carbonate (MgCO,) t 6.3 

The belt of limestone lenses extends southwest from Rock Point, 
outcropping conspicuously on tributaries of Applegate Creek, espe- 
cially Steamboat and Williams creeks, where the massive limestone 
contains celebrated caverns. Similar bodies occur on Sucker Creek, 
southeast of Waldo, near the CaUfornia line. Their distribution is 
extremely irr^ular, owing to the predominance of igneous rocks. 
Very lai^ deposits are said to occur near the California line, on Wjl- 
Uams Creek, in the extreme southeastern comer of Josephine County. 

< Pot part Dt ttie dsla here given In ngard to OnsoQ UmatoDcs the wil tar Is Indebted to HsrtMTt I«ag, 
Theresaiin)ea<ri the State of Oraeon: Btate Board of Agriculture, im, pp. 3S-37. J. B. Dlller baa aba aided 
greatly hj conVlbntliig data on the aiaiacta and distribution of the UmcBtonea oteontbiiBateni Onfon. 
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Near Rosebuig, Douglas County, 4 miles from the Southern Pacific 
Railroad, deposits of limestone and shale have recently been investi- 
gated by private parties and the data noted below placed at the dis- 
posal of the Survey. The limestone is a dark-gray fine-grained dense 
rock, cut by many seams of calcite. The shale is a very hard dark- 
gray material and is also cut by fine seams of calcite. 

The raw materials are reported to be ample in quantity and of 
uniform composition. Coal and water power are also said to be not 
far distant, and the topography is favorable to the construction of a 
reservoir for collecting surface water fr^m the surrounding hiUs. 
The foUowing analyses, by W. Michaelis, jr., of the raw materials and 
of the clinker and ground cement are representative: 





m Dovglat County, Oreg. 
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The composition of the limestone and shale indicates that they 
should be mixed in the proportions of approximately 400 pounds ol 
the former to 100 pounds of the latter. The raw materials were 
ground and burned to a clinker in an experimental rotary kiln, and the 
clinker was ground to such a fineness that 95 per cent passed 100- 
mesh sieve and 85 per cent passed 200-mesh sieve. The initial set 
began after 2 hours and set hard after 4 hours. The following tensile 
strengths were shown by tests made by W. Michaelis, jr. : 
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An impure hmestone * having nearly the composition of a cement 
rock underlies a narrow area of perhaps 100 acres about a mile from 

'Navbcrry, S. B., Report on cement properties ol Portluid Cement Co., 1900, frtvately pabllihad. 



Marquam, Clackamas County. The rock considered to be workable 
ranges from 10 to 25 feet thick. The locality ia about 6 miles from 
the Southern Pacific Railroad. 
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Near Dallas,' Polk County, 3.5 miles from the Southern Pacific 
Kailroad, is a small deposit of siliceous limestone overlying basalt. 
The deposit is lenticular, has been drilled to depths of 20 to 80 feet, 
and is 1,000 to 1,500 feet wide. Chemical analysis show that it car- 
ries 15 to 33 per cent of silica, 4 to 11 per cent of iron oxide, 5 to 8 per 
cent of alumina, 36 to 72 per cent of carbonate of lime, and 2-25 to 9.5 
per cent of carbonate of magnesia. This rock could be used for Port- 
land-cement manufacture only by mixing it with a high-calcium stone 
such as that from Rosebui^. 

South of Rufus,'' Sherman Comity, on the left bank of Columbia 
River, 113 miles above Portland, is a deposit composed of thin lime- 
stone lenses, a foot or two thick, alternating with layers of volcanic 
ash. The limestone is reported to resemble travertine in physical 
character. A mixture of the limestone and ash would require the 
addition of pure limestone in order to produce Portland cement. The 
following analyses are of interest: 
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NOHTHEASTEEN OSEQOH. 



Of the limestone deposits of northeastern Or^on the lai^est and 
most accessible seems to be on Burnt River, about 3 miles above 
Huntington, Baker County. The limestone beds at this point are 

■ Ueodt, R. K., BtpcrtcnpcopertlcsolFocUaiid Cement Co., mi, prlTatsljrpabllgliML 
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SBsociated with shales, and the entire series is upturned to give & 
steep dip. The river has cut through the beds, exposdng a thickness 
of about 100 feet of limeatone. This stone is remarkably puFO, car- 
rying generally less than 1 per cent of sihca, alumina, and iron oxide. 
Its quaUty, quantity, and proximity to the railroad and to a, series 
of shale beds make it worth considering as a possible source of Port- 
land cement material. 

The same series of beda outcrop in the hiUs to the southwest and 
northeast and continue into Idaho, where they form important 
deposits. Large limekilns are now in operation at several points on 
the line of outcrop. 

limestone deposits of considerable size occur in other parts of 
Baker County, the most important at present being extensively 
worked for lime about 14 miles from Baker City. Other deposits 
occur in Grant County, and very thick and ext^osiTe beds of blue 
limestone are said to cover much of Union County. Li Wallowa 
County deposits of marbles occur, which may be of service for cMXteot. 

POBTI.Ain> OEKBNT INDT7STBT IN OBSOON.- 
By E. P. BCKCHARD. 

Although no Portland cement plant is yet in operation in Oregon, 
the prospects seem good for the establishment of this industry ia 
the near future. Early in 1 912 it was reported that construction work 
on a plant at Oswego, near Portland, was in progress. This plant may 
use limestone from the vicinity of Roseburg and cement rock from 
near Marquam, or siliceous limestone from near Dallas, or possibly 
limestone and volcanic ash from Rufus with limeatone from Rosebuig. 

PORTI.AND CEMENT RE80UBCES OF PENNSYLVANIA. 
FOKTIAMD CBKBNT 1CATEB.IALS. 
State at Large. 
Several limestones suitable for use as Portland cement mate- 
rials occur in Pennsylvania, but only one group has as yet been 
extensively used. For description these limestones may be con- 
veniently grouped as: 

1. Ordovician limestones (Sben&Ddooh group). 

2. Lewistown limestone (Helderberg and Cayuga); Silurian and Devonian. 

3. Carboniferous limeetones. 

OBDOVICIAN LIMESTONES. 

The Ordovician limestones, which furnish the weU-known 
"cement rock" of the Lehigh district, occur in varying development 
in the counties of Northampton, Lehigh, Berks, Lebanon, Da.uphin, 
Cumberland, Franklin, Lancaster, Center, tmd Blair and to a much 
less extent in several other counties of southeastern Pennsylvania. 
(See PI. XVn.) They belong to the Shenandoah group. Through- 
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out eastern Pennsylvaiiia they are underlain by a highly maguesian 
limestone and overlain by a tfaicli series of shales and slatea (Mar- 
tinsbui^ shale). (See also pp. 314-317.) 

TTiese limestones, wherever they may occur, are almost invariably 
withxa the allowable limit in magneeia and are therefore an excellent 
Portland cement materiaL In places their value as a cemffiit mate- 
rial is increased by the presence of a high percentage of clayey matter, 
as is well shown in the "cement rock" of the Lehigh district. 

The foUowii^ table of analyses shows the composition of samples 
of these limestonee from localities in Pennsylvania.* Ko analyses 
from the Z^high district are given in this table as this district is 
discussed in considerable detail on pages 314-317. 
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8,4, Trnnw.BlalrCWit;. 

S,S,T. Bluraidgt quarry, BtUelotite, Center CDnnty. 

8. Ca^>twllqiiBiiy,iiear BcUelonte, Center Counly. 

9, ID. Rnthonnl qDVTy,DesrHaiTUburg. Dsupbm County. 

11. Cnmblerqiiany.iiearHanlBbarf, Dauphin County., 

12. Cwlgheiijl qgrry. Mount BoUr, Cumberluid Countv. 
13l UoS Allii,>niikl!n County. 

14. WllUuDvn, PnnkUn Coontr. 
II. HaucbB Oap, CUntrai County. 

LEWISTOWN LIMESTONE (hELDEBBEKG AND CATUGA). 

The Iiewistown limestone outcrops in central Pennsylvania and 
the Helderberg limestone in eastern Pennsylvania in a series of 
narrow bands whose distribution is too complicated to be readily 
described. (See PI. XIX, p. 360.) "Die following analyses ' show ita 
composition : 

Analywt o/Lewittoum and Hdderherg Umtitonet, PtnraylvanMi. 
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!.33 5.04 
.Ttf 1.14 



1,2,3. Baker qUBirTj Altoona, Blair Connty. 

4. Cnawellqaarry.BoUldayelHUE.BIaJr County. 

5, Uannlnsquai^, HoIUdayabin, BtairCoitnty. 
B. Loop qaarTy.BolUdaysburg, Blair Comity. 

T. Sarah Funun, BlalrCoun^. 

8,9,10. Budam quarry, Three Springs, BuDtlnp^on County. 



k. S. UcCtmUi, analyst: Repb. Ill, l£2, 113, Seoond OeoL Surrey Fanuylvanla, 1874-U80. 
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Analj/tet o/LewitUnen and Heldaherg IvmetUmet, Pamtylvania — Continued. 
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A deposit of limestone near Kings Rock, on Susquehanna River, 
in Lycoming County, belonging to this series is described by Uriah 
Cummings,* who states that a natural cement of Uie following com- 
position had been made from this rock : 

Analynt of natural cement, King* Sock, Fa. 

Silica (SiO,) 28.14 

AiTiminii (A1,0,) 9. 10 

FetroUB oxide (FeO) 1 3. 20 

Lime(CaO) 53.34 

Magneeia (MgO) 1.00 

AlkftUea (K,0, NbjO) 2.80 

Water and lorn 2.42 

Such an analysis of a natural cement would imply that the rock 
from which it was made was closely similar in composition to the 
cement rock of the Lehigh district and that the addition of lOper cent 
or so of pure limestone would give a good Portland cement. 

OABBONIFEBOUS IJMESTONES. 
Name* and stratigraphic positions of Carboniferous lim«stonel, Peimtyh'ama. 



Geologic (Onnatlon or gioup. 


Name or member. 


Thick- 


Slratlgisphlo poef Uan. 


WaahlDgWn lormsUon (of 
Dunkdd group). 


popper WMblDgtoD limeelone. 


F,a. 








35 

} 73 
» 
10 


rml. 
















bu^b coal. 






burgh ooal. 




^^^^ 


12 


20 feet below the PltW>urrt ooaL 



















1 Baroitmiith Ann. Kept. U. S. G«ol. Sorve;, pt. 3 (eontbUMd), pp. 



I, pp. 8W-«0. , 

_.ii,C.oo'-^k' 



PENNSYLVANIA. 318 

Nanut and tlraligraphie pimtwnt of CarbmnferouM limeiUmet, Penntytvania — Contd. 
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The following table' of analyses shows the composition of the 
Carbooiferous limestones: 
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1, 2. etewariaon Fanart, Uidleon Townahlp, Arautiong County. 
8. Colwell quany, near Uaboolnf Furnace. Armstrong County. 

4. Reyoolde quarry, oeai KItlannIng, Armstnmi Coimty. 

5. Oeorgequarry, near Bouth Bend, ArmcUong county. 
0. Bbeaquarry, near OTeendale.Annnrang County. 
T. OraO quarry, near Boffalo UUb, Armationg County. 
8. Long Riin, Ftrtcr Townsblp, Cbikm Cotmty. 
0. Blnaman quarry, C]ailDnTawnahlp,aarioD County. 
lOi eUgo Furnace, Floey Townahlp, Ctarloa County. 

11. Barger guairy, Pory Towndilp, Clarion Couaty. 

12. BOTBlnrqiMrTy,iKarBnx!kwayTille,Je(Iemn County. 

13. Haima qnany, near 8prankl«i Uuis, JeDenoa County. 
U. Fnty quarry, near WorthTlUe, Jeffenon County. 
16. Shlelde quarry, near DovUnertUe, Jefferson County. 
IS. Winalow iroDBty, near Beneutle, Elk County. 
IT. TobyCreek.FoiTowtnliJp, Elk County. 
IS. Brandy Camp po«t office, Borton Townablp, Elk County. 
IS, 30, Kane quarry, near Wtlcoi, Jonea Tawnahip, Elk County. 
31. SUiin quarry. Wampum, Lawrence County. 

22. UcCord quany, Mount JackaoD, I.awreiice County, 

23. Jotmson quarry, Ncwcaatlc, Lawrence County. 

34, Uoint quarry, Cmlon, Lawrence County, 

35. Simpson quarTy,Illcbmon[], Indiana County, 
X. Pine Creek Furnace quarry, Klttumlng, Armetrong County, 
27. Severn quarry, near vaoHirt, Beaver County. 
28.19, Pow«raquarry, near vanport, BeaverCounty. 
80. Tygarfs quarry, near Vanpcit, Beaver County. 

■ A.B. IloCreatb, analyst: Ilept& 11, 112, U3, Second Qeol, Surrey Fenn^li 
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Lehigh District. 

The following description of the cement^rock deposits and cement 
industry in the Lehigh district is based largely upon field work 
by the writer during the early summer of 1903. Acknowledg- 
ments are due to the managers and chemists of cement plants in the 
Lehigh district, who have aided the writer greatly in this work. 
Use has also been made of the report by H. B. Kiimmel ' on the Portr 
land cement industry in New Jersey and the report by T. N. Dale' 
on the geology of the Slatington quadrangle. 
LOCATION AND ASEA. 

The "Lehigh district" of the engineer and cement manufacturer 
has been so greatly extended in recent years that the name is now 
hardly applicable. Originally it included merely one small area 
about 4 miles square, located along Lehigh River, partly in Lehigh 
County and partly in Northampton County, containiog the villages 
of Egypt, Coplay, Northampton, Whitehall, and Si^ffried. The ce- 
ment plants which were located here at an early date secured control 
of most of the cement-rock deposits in the vicinity, and plants of 
later establishment have therefore been forced to locate farther and 
farther away from the original center of the district. At present the 
district includes parts of Berks, Lehigh, and Northampton counties. 
Pa., and Warren County, N. J., reaching from near Reading, Pa., at 
the southwest, to a few miles north of Stewartsville, N. J., at the 
northeast. It forms, therefore, an oblong .area about 25 miles long 
from southwest to northeast and about 4 miles wide. Within this 
area 23 Portland cement plants are now in operation, and the Port- 
land cement produced in this relatively small district amounts to 
about one-third the entire United States output. 
OBOLOGT. 

Within the "Lehigh district," as above defined, three geologic 
divisions occur, all of which must be considered in attempting to 
account for the distribution of the cement materials us^ there. 
These divisions named in descending order, are (1) Martinsburg shale; 
(2) Ordovician limestones, Shenandoah group, the cement rock of 
the district; (3) magnesian limestone of Ordovician and Cambrian 
age. As all these rocks dip, in general, northwestward, the Martins- 
buTg shale occupies the northwestern portion of the district, and the 
cement rock and magnesian limestone outcrop in succession farther 
southeast. 



Underneath the cement rock lies a very thick series of light-gray 
to light-blue massive-bedded limestones, containing numerous beds 
of chert. These limestones are predominantly highly magnesian, 
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though some beds of pure nonmagneBian limestone are found in the 
series. The mogneeian beds are, of course, valueless for Portland 
cement manufacture, but Uie pure limestone beds furnish part of 
the limestone used in the Lehigh district for addition to the cement 
rock. An excelleut example of this is furnished by the quarry near 
the east bank of Lehigh Siver, just above Catasauqua. In this 
quarry most of the beds are highly magnesian and are therefore 
useful only for road metal and flux, but a few pure limestone beds 
occur, and the material from these low-magnesia beds is ^pped to a 
neighboring cement mill. 

Numerous analysee of the highly m^neeian limestones are avail- 
able, and a few typical ones have been selected for insertion here. 
For analyses of the ptuer limestone used to add to the cement rock, 
see page 318. 

Analyia ofmagmAin IxmtiUmetfrom the Ldagk diitriet. 
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G, 0. CUiittHi, Hiutardra CouDty, N. J. 
J. PottersTlDa, SomereBt County, N. J. 
B,e. Frapack, N. J. 
lb. Annandato, N. J. 

All the above analyses are from New Jersey localities, but analyses 
of magnesian hmestones of the rest of the Lehigh district give closely 
similar results. 

OBOOTIOUV LtmSTOHU. 

The Ordovician cement rocks are more or less atf;iUaceoua lime- 
stones. They vary in thickness from 150 feet in New Jersey to 250 
feet or even more at Nazareth and on Lehigh River. The upper 
beds, near the contact with the overlying Martinsburg shale, are very 
shaly or slaty black limestones, carrying approximately 50 to 60 per 
cent of lime carbonate and 40 to 50 per cent of sihca, alumina, iron, 
and so forth. Lower down the percentage of lime steadily increases, 
and that of clay decreases correspondingly, until near the base of 
the limestones the rock may cany from S5 to 95 per cent of lime 
carbonate and only 5 to 15 per cent of impurities. This change in 
chemical composition is accompanied by a change in the appearance 
and physical character of the rock, which loses ite slaty fracture and 
blackish color as it gains in lime, until near the base of the series 
it is in many places a fairly massively bedded dark-^ray limestone. 
Even BO, it can generally be readily distinguished from the under- 
lying magnesian limestone described below, for it is everywhere 
darker, and it nowhere contains the chert beds that are so common 
m the magnesian rock. (' 
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The cement rock is nowhere ne&rly so high in magnesia as is the 
underlying limestone. It does, however, carry considerable mag- 
nesia (as compared with other Portland cement materials) throughout 
its thickness, few analyses showing less than 4 to 6 per cent. The 
following analyses ' are fairly representative of the lower, middle, and 
upper beds of the series. The specimens from the upper beds, near 
the Martinsburg shale, show considerably less lime and more clayey 
matter than those from the lower parts. 

Analyiei of Ordoxdcian HmetUmet (eemeiU mek)Jrom the Lehigh ditlrict. 
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The specimens whose analyses are given above were mostly from 
the vicinity of Belvidere, N. J., and though representative in other 
respects seem to have been ratber lower in magnesia than the run of 
the limestone in the Lehigh district. 



The Martinsbui^ formation includes very thick beds of dark-gray 
to black shales, wjth local thin beds of sandstone. In cert^n local- 
ities, as near Slatington and Bangor, Pa., and Newton, N. J., liiese 
shales have been so altered by pressure as to become slates, the 
quarrying of which now supports a large roofing-slate industry. 

The geographic distribution of these shales and slates in the Lehigh 
district can be indicated only approximately without the presenta- 
tion of a geologic map of the area. They may be said to cover practi- 
cally all of Northampton, Lehigh, and Berks counties north of a line 
passing through Martins Creek, Nazareth, Bath, Whitehall, Ironton, 
Guthsvjlle, Monterey, Kutztown, MoUtown, and Leesport. 

The composition of the typical shales and slates of the upper part 
of the formation ia well shown by the following analyses: 
Arnlyia of Aala and »lata in upper part of MartiiubuTg thale in At Lthigh dittriet. 
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a Insoluble. 
1. EmI Bangor, Pb. Twentlsth Ann. Kept. U. S. Qeol. Surrey, pt. 8 (eonllonad), 18», p. 434. 
I. One mile northwest or ColemanvUle, N. J, Ann. Kept. State Oeolodst Hew Jeney lor 1368, »lSa. 
L DelawstB Water Gap, N. J '•■-- 



4. Latefette, N. J. Ann. Bept Stale Oeologlat New Jeney ler 1900, p. 74. 

1 Ann. Rept New Janey StaW UeologlBt for 1«M, IWl, p. 
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As above noted, the rocks of the Lehigh district dip generally 
northwest, though there are numerous local exceptiooB to this rule. 
The lowest beds of the Martinsburg shale, therefore, outcrop along 
the southern boundary of the formation, as above outlined. These 
lowest beds carry much more lime and less silica, alumina, and iron 
than the higher beds, whose analyses are given above. They become 
more calcareous and form a natural transition into the underlying 
cement rock or Ordovician limestones. 

POBTLUm OBKBin! IHDrrSTST IN PXNK8TLVANIA. 

QENEHAL FEATUKE8. 

The State of Pennsylvania is by far the largest producer of Portland 
cement in tlie country, its output during 1911 having amounted to 
26,864,679 barrels, more than one-third of the entire production of 
Portland cement in the United States. Until very recently Penn- 
sylvania produced considerably over one-half of the entire annual 
output of the United States, but owing to the more rapid growth 
in other States this lead has been slowly lost. 

Of the Pennsylvania total in 1911, 25,972,108 barrels came from 
the Lehigh district. Of the 25 plants reported by the Geological 
Survey as operating in Pennsylvania durit^ 1911, 21 were located 
in this district. The following list of the Portland cement plants 
of the State will serve to show the manner in which the industry 
has become localized. The Ijehigh district plants are named first, 
after which the plants ekewhere in the State are noted. In the list 
are included a few plants which were inactive in 191 1, but which 
are expected to resume operations. 

L^i^ dietrict — Continued. 
Northampton Portland Cement Co., 

Stockerluwn. 
Fenn- Allen Portland Cenient Co. , Naza- 
reth. 



Lehigh district: 

Allentown Portland Cement Co., 
Evansville. 

Alpha Portland Cement Co,, MartinB 
Creek. 

American Cement Co., £^pt and 
Lesley. 

Atlas Portland Cement Co., Northamp- 
ton and Coplay. 

Bath Portland Cement Co., Bath. 

Blanc StainlcBB Cement Co., Allen- 
town. 

Bonneville Portland Cement Co., Sieg- 

Central Cement Co., E^pt. 

Coplay Cement Mfg. Co., Coplay, 

Dester Portland Cement Co., Nazarefi. 

Lawrence Portland Cement Co., Sieg- 
fried. 

Lehigh Portland Cement Co., Ormrod, 
West Coplay and Fogelsville. 

Nazareth Cement Co., Nazareth. 



Pennsylvania Cement Co., Bath. 

Phoenix Cement Co., Nazareth. 

Reliance Cement Co., Lesley. 

Vindez Portland Cement Co., Moll- 
town. 

Whitehall Portland Cement Co., Ce- 
menton. 
Western and Bouthem Pennsylvania: 

Crescent Portland Cement Co., Cres- 
centdale, 1 mile south of Wampum. 

Lehigh Portland Cement Co., New- 

. New Castle Portland Cement Co., New- 

Sandusky Portland Cement Co., York. 
Universal PorUand Cement Co., Uni- 
versal, near Pittsburg. 
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Iq describing the FortlaDd cement industry of FennsjlTaniA, the 
Lehigh district will he first discussed in the detail which its present 
as well as its historic impori.ance wairauts, after which the isolated 
plants will be briefly noticed. 



LEHIQH DISTRICT. 



HATIKIALB USKD. 



In most of the plants of the Lehigh district the practice is to mix 
with a relatively laige amount of the "cement rock" or ai^illaceous 
limestone a sniall amotmt of pure limestone, in order to bring the 
lime carbonate content up to the percentage proper for a Portland 
cement mixture. As above noted, all the "cement rock" is de- 
rived from the middle of the Ordovician limestone series where the 
beds will run from 60 to 70 per cent of lime carbonate. The pure 
limestone which is required to bring this material up to the necessaiy 
percentage of lime carbonate (about 75 per cent) is obtained either 
from the lower portion of the cement-rock series or from certain low- 
magnesia beds occurring beneath it. 

In plants located near Bath and Nazareth, however, the practice 
has been slightly different. In this particular area the cement-rock 
quarries generally show rock carrying from 70 to 80 per cent of lime 
carbonate. The mills in this vicinity, therefore, require practically 
DO pure limestone, as the quarry rock itself is sufficiently high in lime 
carbonate for the purpose. Indeed, it is at times necessary for these 
plants to add clay or slate instead of limestone to their cement rock 
in order to reduce the lime carbonate to the required proportion. 
In general, however, it may be said that Lehigh practice is to mix a 
low-carbonate cement rock with a relatively small amount of pure 
limestone, and analyses of both these materials, as used at various 
plants in the district, are given below. 
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The cement rock is a darb-^ay to black slaty limestone, breaking 
with an even fracture into flat pieces, which commonly have smooth 
glistening surfaces. As the percentage of lime carbonate in the rock 

, NzedbyGoO^le 



PENNBYLTANIA. 319 

increases — that is, as the lower beds of the formation are reached — 
tlie color becomes a somewhat lighter gray, and the aurfaces of the 
fragments lose their slaty appearance. 

Tlie range in composition of the cement rock as Used at different 
plants is well shown in the abore table. The nearer the material 
from any given quarry or part of a quarry approaches the proper 
Portland cement composition (say 75 to 77 per cent of lime carbonate) 
the less addition of pure limestone will be necessary. In by far the 
greater part of the district, as above noted, the cement rock is apt 
to run about 65 to 70 per cent of lime carbonate, therefore requiring 
the addition of a proportionate amount of limestone. Most of the 
quarries near Bath and Nazareth, however, have been opened on 
beds of cement rock running considerably higher in lime carbonate, 
some running so high (80 per cent or more) as to require the addition 
of shale or clay rather than of pure limestone. 

The pure limestones that are added to the cement rock are com- 
monly gray and break into rather cubical fragments. The fracture 
surfaces show a finely granular structure, quite distinct in appearance 
from the slaty cement rock. 

In composition the limestones commonly Used will carry from 90 
to 96 per cent of lime carbonate, with rather less magnesium carbonate 
than is found in the cement rock. All the cement plants own and 
operate their own cement-rock quarries, but most of them are com- 
pelled to buy the pure limestone. Only very pure grades of lime- 
stone are purchased, but when a cement plant owns its limestone 
quarry, material running as low as 85 per cent of lime carbonate is 
often used. 

QUA&BS PKACnCE. 

In most of the cement-rock quarries of the Lehigh district the rock 
dips from 15° to 25°, generally northwest. At a few quarries, 
particularly in New Jersey, the dip is much steeper. The quarries 
are opened, preferably, on a side hill, and the overlying stripping, 
which consists of soil and weathered rock, is removed by scrapers or 
shoveling. The quarry of the Lawrence Cement Co. has been 
extended in its lower levels so as to give a tunnel through which the 
material is hoisted to the milt. Several other quarries have been 
carried straight down, until now they are narrow and deep pits, from 
which the material is hoisted votically. "Die Bonneville Portland 
Cement Co. quarry is an extreme example of this type. 

In quarries opened on a side hill, so as to have a long and rather 
low working face and a floor at the natural ground level, the rock is 
commonly blasted down in benches, sledged to convenient size for 
handling and crushing, and carried by horse carts for some distance 
to cars, which are hauled by cable to the mill. Occasionally the 
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material is loaded at fhe face into small cars running on temporary 
tracks, hauled or pushed to a turntable, whence they are hauled to 
the mill by cable. Though these methods seem clumsy at first sight, 
they are capable of httle improvemeDt. The amount of rock used 
every day in a large mill necessitates very heayy blasting, and this 
prevents permanent tracks and cableways being laid near the working 
face. 

At several quarries the cara or carts are loaded by steam shovels. 
Though the cement rock seems to be well adapted for handling by 
steam shovels, much sledging is necessary, and the blasting operations 
are interfered with. ■ 



What may be considered as typical American practice in the manu- 
facture of Portland cement from dry material owes its present 8uc~ 
cess largely to the works of the Lehigh district. Prior to the com- 
msncement of Portland cement manufacture in Pennsylvania, dry 
processes had not been looked upon with favor. The European 
plants then in existence used wet processes exclusively, differing 
only in the amount of water that was used. A dry process can not 
well be used la stationary kilns, whether of dome or chamber type, 
for even if the mixing be done dry it will be necessary to add water 
in making the mixture into bricks. The natural result was that 
these early plants used water very liberally — almost as freely as the 
present marl plants of Michigan and with far more excuse for doing 
so. With the introduction of the rotary kiln a dry process became 
not only possible but advisable, and the Lehigh practice of to-day is 
the result. 

The cement rock is crushed and dried, the first of these operations 
often taking place in the quarry. Large gyratory crushers are com- 
monly used for this work, while the drying is usually done in rotary 
driers. The necessary amount of limestone, also previously crushed 
and dried, is added, and the two materials are mixed and further 
reduced together. Occasionally a smaller gyratory crusher, breaking 
to about one-half inch, is the next step in the process of reduction. 
Commonly, however, the mixture goes to boll mills, pulverizers or 
Williams mills, and then to tube mills. Some of the phuits use GrifiSn 
mills, and the Atlas plant uses the Huntingdon mill. The raw 
mixture is ground to a fineness usually not exceeding 85 per cent 
through a lOO-mesh sieve and often fallii^ much lower. Compared 
with the practice at plants usii^ limestone-clay mixtures, this is 
coarse work. It is less harmful than might be expected, however, 
for most of the mixture is made up of cement rock which ia already 
naturally well mixed. The mixture is usually dampened (to prevent 
too much of it being blown out of the kiln) and fed to rotoiy kilns. 
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The analjBea given in the following table will serve to ahow the 
oompoaitioD of the product of the Iiehigh district. Of the 10 analyses 
quoted, those numbered 1 to 8 inclusive are fairly representative. 
Analyses 9 and 10, on the other hand, cany very low alumina and 
iion oxide and correspondii^y high silica. 

Analj/M* of ctm^ntt of the Lehigh dUtriet. 
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The characteristics of the Lehigh district Portland cements are beet 
toought out by the following summary of the range and average of 
the constituents. In making up the average the sihca, alumina, and 
iron oxide contents of analyses 9 and 10 have not been used, and the 
lime peroentflge of No. 3 has also been excluded. For comparison, 
9 imd 10 have been avenged for the first three constituents, and Uie 
resulta are placed in the fourth column. 

Sange and average of Portland ixment of the Lehigh dUtrict. 
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As noted in the earlier portion of this paper, the cement deposits 
have been developed from near Keading, Pa., to a few miles from 
Stewartaville, N. J. Most of the readily accessible cement land 
between these points has been taken up by the cement companiesor 
is being held at impossible prices by die owners. Under these cir- 
cumstances it seems probable that few additional plants can be profit- 
ably established la ^e district now developed, and that the growth 
of the industry will be brought about lyy extending the district. A 
few notes on the distribution of the same cement beds in adjoining 

48834°— Bull. 622—13 21 
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areas m»y therefore be of interest to those de»ring to eng^e in the 
manufacture of Portland cement from m&terials of the Lehigh district 
type. 

Northeast of Stewartaville, N. J., the cement beds outcrop at fre- 
quent intervals in the Eittatinny Valley all the way across New 
Jeisey ajid a few miles into Orange County, X. Y. The exact loca- 
tions of these deports, with numerous analyBes of the cement rocks, 
have been published ' and mapped very precisely. 

Southwest of Keadii^ these cement rocks outcrop in a belt that 
croBses Lebanon, Cumberland, &nd Franklin counties, Pa., passing 
near the towns of Lebanon, HarnsbuTg, Carlisle, and Chambovburg. 
In Maryland they occur in Washington County, and in West Viiginia 
and Yii^inia th^ are extensively developed. 

Throughout this southern extension the cement-rock series is not 
ererywhere an argillaceous limestone, but it is commonly so and it is 
everywhere very low in magnesium cu-bonste. It is therefore prob- 
ably safe to say that in southern Penn^lvania, Maryland, West 
Virginia, and Vii^inia the Ordovician limestones of this horizon are 
everywhere good Portland cemmt materials, though in some places 
they require pure limestone and in other places clay to biiog them 
to a proper composition. 

WBSTBBN AND SOUTHEBH PENN8TI.TANIA. 

Uniil recently only, two small Portland cement plants were in 
operation in western Pennsylvania. These were the plants of the 
Crescent Portland Cement Co. and the Clinton Iron & Steel Co., 
each of which had historic interest out of proportion to its manu- 
facturing importance. 

The Portland cement plant of the Clinton Iron & Steel Co., ■ 
located at Pittsbui^, has now been permanently abandoned. It 
owed its interest to the fact that it was the first plant in the United 
States to utihze a mixture of blast-furnace slag and limestone in the 
manufacture of a true Portland cement, having commenced this 
industry several years before it was taken up by the Sliuoia Steel 
Co. at Chicago. 

At present four Portland cement plants are in operation in western 
Pennsylvania, operated by the Universal Portland Cemrait Co., the 
Lehigh Portland Cement Co., the Newcastle Portland Cement Co., 
and the Crescent Portland Cement Co. 

The plant of the Universal Portland Cement Co., at Universal, 
near Pittsburgh, utilizes a mixture of blast-fumace slag and lime- 
stone in the manufacture of a true Portland cement. At Newcastle, 
the plants of the Newcastle and Lehigh Portland cement compuiies 

■Ann. Rapt. StM« <l«(iKi(UNkw Itatytarim, UM, pp. 41-«6. 
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use a mixturo of the Carboniferous Vanport limestone member of 
the Allegheny fonnatioa and Carboniferous shales. 

The Crescent Portland Cement Co., near Wampum, Lawrence 
County^ is one of the oldest Portland cement plants in the United 
States, havii^ gone into operation when the Saylors were the only 
operators in the Lehigh district. The material used here is the Van- 
port limestone and a shale overlying this limestone. 

Anaiffu of Porlhnd eemmt material*, Wampum, Pa. 
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At York, in southern Peonsyl'v-ania, the Sandusky Portland 
Cement Co. operates a small plant for the manufacture of white 
Portland cement. The raw materials utilized are cryBtalline lime- 
stone and shale low in iron. 

PORTLAND CEMENT RESOURCES OF RHODE ISIiAND. 

Few limestone deposits of economic importance occur in Khode 
Island. At Lime Bock, Providence County, quarries have been 
worked, the product being used latgely or entirely for lime burning. 
Though often referred to as dolomite the stone at Lime Bock is not 
a very highly magnesian rock, as is shown by the following analysis' 
by J. H. Appleton of a specimen from the Harris quarry: 

Analjftu <tf UmaUmefrom Lime Roet, R. I. 

Saica(aiO,) 2.748 

Alumina (A1,0«) 

Iron oxide <Fe,0,) 

Lime carboiuCte (CaCO,) 

Hagneeiuni c&rbonAte (UgCOi) 6. 

HolBture 

This rock carries too much magnesia, however, to permit its use in 
Portland cement manufacture under the present standards, and its 
amount and location with respect to fuel and market are not particu- 
lariy advantageous. 

Small beds of Umestone occur at other localities in the State, but 
none of these are of sufficient extent to be workable, whatever may 
be their chemical compoedtion. 
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PORTIiAND CSMBNT BBSOTTRCES OF SOUTH CABOUirA. 

Limestones occur at many points in South Carolina, but no good 
geolo^c map of the State is in existence and no recent report concern- 
ing them has been issued. The analyses given below are, with one 
exception, very old, but they will pve some idea of the composition 
and location of the limestones. 

The western part of the State contains a number of beds of meta- 
morphosed limeetone or marble that seem to be satisfactory in com- 
position, but fuel supply, local markets, and cheap transportation are 
all lacking. 

AnidyKi t^melamorjMe ttnuftotu*, weatem South CaroliTiaJ' 



BUlci(StOi) I 

Atumina (XliOil :1 

IroD oxide {FmOi) If 

Uii»«rtnule(OiC(h) \ 

HigDeriuia carboutto CMgCOi) 



I " I 



I ». 



a, UM, pp. 38»-3H. 



S. OafUnctoD'i quany, Lmdmu dbU 
7. hbuMaot BprlDp, Sputaabacg. 

In the coastal plain soft limestones of Tertiary age, the so-called 
"marls," outcrop at many points. Much of these materials would be 
very satisfactory for Portland cement manufacture. 

Atudyie* oj Tertidaji limMona, tatUm South CaroUmafl 
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The analyses given above, though showing well the amomit of free 
sand carried by many of these soft Tertiary limestones, hardly repre- 
sent their percentages of lime carbonate. Much purer beds than these 
are known to occur near Charleston, but no good analyses are avail- 
able. 
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POBTI^AND CEMENT RES01TKCES OF SOITTH DAKOTA. 

POBTIiAMD OSMBin? 1CA.TEIIIAI.S. 

The limestone formations of South Dakota which give any promise 
of supporting a Portland cement industry occur in two different poi^ 
tioDs of the State. They are thus separated geographically as well as 
geolf^cally into (1) the limestones of the Black Bills district and 
(2) the Niobrara chalk Copper Cretaceous) of e&stem South Dakota. 

BLACK HILLS. 



Darton has described the stratigraphy and rocks of the Black Hilla 
district' as follows: 

The Black HUIh uplift ie an in^ulai dome-ah&ped anticline, embracing in iu more 
obvioiiH features an oval area 125 milee in length and 60 miles in breadth, with it« 
larger dimension lying nearly n<Hlbwest and southeast. It ie situated in a wide area 
of almost horizontal beds underlying the great east^^loping plain that extends from 
the Bocky Mountains t« the Miseisaippi Biver. It has brought above the general 
surface level an area of pre-Cambrian crystalline rocks about which there is upturned 
a nearly complete sequence of the Paleozoic and Meeozoic rocks from Cambrian to 
Laramie, all dipping away from the central nucleus. There are also extcmsive over- 
laps of the Tertiary deposits which underlie much of the adjoining plains area. 
The r^on is one of exceptionally fine expoHures, which afford rare opportunity for 
a study of stratigraphic relatbna and variations. Many of the rocks are hard, and 
the streams flowing out oi the central mountain area have cut canyons and goigea, 
in the walls of which the tormationg are often extensively exhibit«d. The structure 
presented locally is that of a monocline dipping toward the plains. The oldest sedi- 
mentary rocks constitute the eecarpment facing the crystalline rock area, and each 
higher stratum passes beneath a newer one in regular succession outward toward the 
margin of the uplift. The sedimentary formations consist of a series of thick sheets 
of sandstones, limesUines, and shales, all essentially confcamable in structmc. The 
overlapping areas of the Totiary depoeita extend acnsa the edges of the (ddei forma- 
tions. The stratigraphy presents many features of similarity to the succession of 
rocks in the Rocky Mount^ns of Colorado and Wyoming, but it poasesses numerous 
distinctive local features. 

Hie following is a list of the formations which are exhibited in the 
uplift, with a generalized statement by Darton as to the thickness, 
characteristics, and age: 
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Of the formations mentioned in the above table, the limestones 
above the Whltewood are described by Durton' as follows: 

XVOLZWOOS UKUTOBX. 

In the aouthern Black HiUn the Deadwood formation is overlain by a series of thm- 
bedded, pale pinkiah buff limestonefl. On the suggestion of Hr. Jaggar, it is piopoeed 
to designate this formation the Englewood limestone, from a locality in the northern 
Black Hills where it is extensively exposed. It appeals to extend continuoualy 
atouiid the Black Hills, everywhere immediately underlying the Pahasapa Iime«toue. 
It averages 20 t« 30 feet in thickness and presents frequent outcrops in the lower 
slopes of the limestone escarpmeut and in numerous canyons. It merges rapidly 
into the overlying limestone, occasionally with a few feet of impure huff limestone 
intervening. It ia usually sharply sepamted from the Deedwood formation, but only 
by a sudden change in the nature of the materials. [In the northern Black Hills it 
la in places separated from the Deadwood sandstone by the Whitewood limestone, 
which isofOrdovician age.] The Englewood limestone is usually foniliferouH, contain- 
ingnumerouB comls and occaoonal shells. The following forms have been reported: 
Feaestella, Ortholhet£e, LeptKua, Spirifer, ChontU* logani, Retteular^ peaUiari*, 
Syringothyrit carteri, and crinoids. 

FAKAIAFA UMUTOKZ. 

This prominent member, heretofore known as tiie giay limestone, has an extensive 
outcrop area In the Black Hills uplift. It constitutes much of the high wide plateau 
weet of tiifl central region of cryst&lltae rocks and is most characteristically exhibited 
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in the great lisea of cliffs ia the inf&cing eacArpment muroundicg that region. Hr. 
Jaggar haa niggested that there be applied to it the I>ak>t» Indian name for the 
Black HiUfl — Fahanpa. The fonnation conaista of a thick depovt of maanve gray 
limeetone, usually outcropping in predpitoua clifb with many picturesque iiregulari- 
tiee of form or with wide flat Burfaces. Caverns are of frequent occurreace, some 
of them being of large size. One liaving several milee of galleries ia known aa Wind 
Gave, from the strong current of air which usually issues from itfl mouth. It ia situ- 
ated 8 milea north of the Hot Springs and attiacta thousands of visitors. Crystal 
Gave, in the northern Black Hills, is also a very Interesting cavern, with many huge 
deposits of dog-tooth spar on its walls. 

The most extensive expoffuree of the Pahanpa limeetone are in the great platora 
weet of Custer. Here the formation begins in a line of high clifis suimountiiig slopes 
of crystalline schists and tiie relatively thin sheets of Bnglewood limestone and Dead- 
wood sandstone. A view of one of these clifis ia dMwn in figure 274. In Penningtrai 
County the plat«au haa a width of 10 miles of continuous limeatone outdop, con- 
stituting the most elevated area in Qie Black Hills excepting the small summit of 
Hamey Peak. To the weet the limestone passes beneath the sandstone of the Uinne- 
lusa formation, but it is exposed again in the arch of the steep anticline near the 
Wyoming-Soutli Dakota line. Hell Canyon cul« deeply int« the Fahasapa limeatone, 
as does also the wider canyon known as Pleasant Valley. East of the crystalline 
rock area the limeatone stands out on many conspicuous knobs, or lies on the eastern 
sbpee of ridges due to the Deadwood quart£il«, but it does not attain the high alti- 
tude which it haa hrther weet. With decreased thickneea, the more rapid dip to the 
east aoon carriea the formation below the aurface in that direction, but it conatitutea 
the walls of many of the canyons of the streams from Beayer Creek northward. French 
Greek has extensive cliffs of the limeetone, and Spring Creek haa cut a long deep 
canyon through it. 

The thickness of the Fahasapa limestone in the central and southern Black Hills 
varies from about 500 feet at the northwest to 226 feet on the east and southeast. 
All along the eastern side of the hills it appears to have the btter thickness, with 
slight local variations. It does not present any noteworthy litbologic subdivisions, 
but its upper part is often siliceous and flinty and stained red t« a greater or len 
extent from the overlying red beds of Oie Miimeluaa formation. At ita t«p there is 
usually a red aholy bed ot slight thickness, containing oval concretions of hard silica 
from 6 inchea to 2 feet in diameter in greater part. Fossils occur sparingly through- 
out the formation, including Spiryftr roekymontamu, Saninu.la dawMoni (Alhyrii rub- 
tihta). FroductuB, and Zaphrentis, a fauna which indicates lower Carboniferous age. 



This formation, known in previous geological reports aa the purple limeetone, is a 
prominent member of the Black Bills series. It is thin, averaging Itm than 50 feet 
in thicknees, but it is bard and flexible and coven moderately extensive areas of the 
outer slopes of the Uinnelusa formation. Southweat of Hot Springs it constitutes a 
prominent anticlinal ridge, which extends south to Cascade Spring. It is propoaed 
to dedgnate this formation the Mirmekabta limestone, becanae a distinctive geo- 
graphic name ia required, and the tegioii near the hot sfwings, originally known as 
the "Minnekahta" by the Indiana, is a typical locality. The springs rise Uirough 
crevices in the formation juat weet of the town of Hot Springs, and the exposures in 
the vicinity show all the characteristic features which the formation presents. The 
prominence of the Minnekahta limestone outcrops is due largely to the fact that the 
overlying formation is soft red dtale, which has been deeply eroded, leaving the 
undn'lying limestone bare on dopes up which the red diale originally extended. 
The underlying ftHination, the Opedie, also being soft, the limestone nearly every* 
where presents an escarpment, and the many canyons whibh are cut through it hav« 
vertical iraUfl of the limestone. 
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The MinnekahU limeatone preeents more details of structure Huai any other for- 
mation of the Black Hilla. Normally it dips outward aw&y from the central area At 
from 5° to 30°, but there are frequent variations in tbe amount and direction. ThoBe 
variations are due to the fact Uiat the formation is a relatively hard bed of homoge- 
neous rock lying between masses of soft, ted shales, bo that it was free to flex wher- 
ever pressure was exerted, the plasticity of the inclouog beds favmng local flexing 
and warping. Its beds are sometimee traversed by small faulta and minut« cnim- 
plinga, but considering the laige amount of deformation to which the formation has 
been subjected the flexures are but little broken. The formation is uniform in 
character throughout, being a thin-bedded, light-colored limestone containing mag- 
nesia and more or lees clay as an impurity. Its thin bedding fa a cfaaraclcriatic 
feature, although the thin layers are so cemait«d together that the (tarnation pre- 
sents a massive appearance. On weathering and thiou^ the action of &ost it breaka 
into Blabs usually 2 lo 3 inches in thickness. On the weet«m aide of the Black Hilla, 
notably in the region from east of Clifton northward, its coloring is slightly darker, 
varying from dove color to lead gray, and some of the beds present a Beminodular 
atmcture. An increased admixture of clay ie also observed in srane layers. The 
general appearance of Qw formation is always slightly pinkish, with a tinge of puTjrfe, 
from which the term ' 'purple limestone' ' M^finated. The thickness of the faxmation 
was measured at many points. A few representative measurements are as follows: 

Thichuu of MimtekiAla UmtiiOM. 

FBM. 

Spring Creek 45 

Battle Creek 40 

Hot Springs 50 

Stocitade Beaver Creek 28-83 

Cambria well 34 

This relatively uniform thickness indicates very uniform conditions of deposilioD 
during the accumulation of the red bed deposits, the Opeche totmati<m below, and 
the Spearfish formation above. An tmalyais of a typical sample of the Minnekahta 
limeetone is aa follows: 

Analytit t^ Mintutahla linuttotu. 

Lime {SiOj) 31.61 

Magnesia (MgO) 19.86 

Alumina (AljOj) and iron (FejO,) 36 

Water 1.25 

Carbonic acid (COj) 44.68 

Sulphuric acid (SO,) 07 

Silica (SiO,) 1.12 

Manganese, soda, and potash None. 

SOUTHEASTERN SOUTH DAKOTA. 

In the eastern part of South Dakota, and more particularly in the 
extreme southeastern part of the State, the Niobrara chalk fumiafaee 
an excellent raw material for Portland cement manufacture. Tlie 
composition and stratigraphy of these rocks have been discussed 
under Nebraska (pp. 257-258) and need not be taken up again here. 
The chalk is well exposed in numerous bluffs along Mjasouri River 
from Yankton to Chamberiain and it also outcrops in smaller isolated 
areas elsewhere in the district. 
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FOKTLUn> OEMBXn niDTTSTKT IH BOTITH BAKOTA. 

The Western Portland Cement Co., whose plant is located a few 
tnilea from Taokton, has emfdoyed the Niobrara chalk and the over- 
lying Pierre ^ale as raw materials. The original plant was a wet^ 
process mill, with stationary kilns of the Johnson type, but these 
have been replaced by rotaiy kilns. Analyses of the raw materials 
follow: 

Analytu o/ Portimtd cement maUnah, Tanktxm, S. Dot. 



8Dka(B10i) 

AlimUlUkCAM),).... 
IraooxidafPWii)..: 
UiDe(CBO)... 

UMDBdkCHRO 

Bufihnrtr'----' 



dafSOi). 
• (CO,).. 



l.aB.KcVaT,iinlyM. 

3,1. laiMnl InduMr;, \el. 1, ISaa. p. S3. 

4. Unml iDddUrr, toI. S, ISW, p. Vt. 

The plant at Tankton was idle in 1911. For some time there has 
been under discuasion the eetabliahment of a plant at Chamberlain. 

PORTI.AND CBMENT RESOURCES OF TENNESSEE. 

By B. O. tJutiCB. 

FOBTIiASI) OmiBNT 1CA.TBBIALS. 

DI8TBIBUTION. 

Limestones and shales that probably have the chemical composition 
and other properties required in the manufacture of Portland cement 
occur abundantly in eastern and middle Tennessee. The more prom- 
ising materials and localities are confined to eastern Tennessee, where 
numerous large and easily quarried outcrops of noomagnesian upper 
Ordovician limestones and - shales alternate with generally much 
wider bands of dolomitic lower Ordovician limestone and Cambriim 
shales, sandstones, and limestones. 

Very few analyses of limestones from any part of Tennessee have 
been published, practically the only ones b^g those of the phos- 
phatic limestones of the middle part of the State. This lack of analy- 
ses is to be regretted, since the decision as to which limestones have 
and which have not too great a percentage of magnesia to make them 
available as Portland cement materials is necessarily left to the judg- 
ment of the observer. However, with exact correlations and careful 
comparisons with limestones of known composition it is possible to 
attain sufficiently reliable results. 
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In east Tennessee the bands of limestone sufficiently low in mag- 
nesia to be classed as possible Portland cement materials lie mostly 
above the £Lnox dolomite. 

CAHBBIAN LIHB8TONES. 

Limestones form but a smell part of the Kfiddle Cambrian rocks in 
Tennessee, and it does not seem probable that any of them have the 
chemical composition now deemed neceesary in a Portland cement 
material. Certain layers of the Maryville limestone,* are probably 
more promisLOg than any other Cambrian limestone in the State. 
Other limestone beds, ranging in thickness from a few feet to nearly 
400 feet, have been described mider the names of Beaver and Rut- 
ledge limestones. Others, again, are included as calcareous members 
in the Nolichucky shale and the Conasauga shale. 

The great bed of Knox dolomite overlies these Middle Cambrian 
formations. The lower half of the Knox is of Upper Cambrian age 
and the upper half is of Ordovician age. So far as known, the percent- 
age of magnesia in no part of the 3,500-4,000 feet of limestone com- 
prised in the formation is low enough for Portland cement material. 

OBDOTICIAN UUBSTONBS. 



The Ordovician formations of the eastern part of east Tennessee 
have been described in folios and other publications of the United 
States Oeological Survey under several local names. The relations 
of these formations to one another are approximately as follows: 

Beviei ahale. 
Tellico mndHtone. 

Uoocaain limestone : 1 

HoUtoa marble iAtheiu dule, 

Chickamauga limeitone J 

At the base is a rather persistent bed of more or less ai^;illaceous 
limestone (Chickamauga), the thickness of which varies greatly, 
reaching in places several hundred feet. It corresponds in position, 
and in a considerable degree also in lithologic character, to the Ordo- 
vician limestones used for cement making in the more northern part 
of the Appalachian Valley. It outcrops in bands that lie approxi- 
mately parallel to the margin of the valley. Near the eastern edge 
of the valley, where the limestone is thin and locally absent, t^ 
overlying black shale (Athens) is thicker. 

In places heavy beds of red and gray marble (Holston) are asso- 
dated with the Chickamauga limestone. These marbles are very 
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pure limeetones, being especiaUj low in magneaia. As the outcrops 
are commonly close to beds of shale, some of those that for one reason 
or another are im£t for use as marble might be utilized in the manu- 
facture of cement Analyses follow: 



ATuilytt 










> 


» 




.23 
tt.« 

.30 


























43. S3 
.31 













Similar and in places extensive beds of crystalline and other lime- 
stones occur locally in the Sevier shale. Such limestone beds are 
especially well developed in the bands striking southwest from Rnox- 
ville to Athens. Thinner and more earthy beds of limestone occur, 
though less conmionly, in the Athens shale. In the region between 
Holston and Clinch rivers the Chickamauga limestone is generally 
overlain by the Moccasin limestone, a reddish argillaceous limestone 
several hundred feet thick. 



The Ordovician limestones of the western half of the valley are 
all included in the Chickamauga limestone, a great mass of rocks, 
aggregatii^ from 1,200 to 2,000 feet in thickness, consisting almost 
entirely of limestone. Locally and in certain parts of the section, 
especially toward the top, the limestone becomes shaly, or it may 
include many thin beds of shale. Though the greater part of the 
formation may be classed as a pure limestone, it is nevertheless true 
that many layers contain considerable clayey matter and a few are 
siliceous and on decomposition give rise to chert. The percentage 
of magnesia, however, is almost everywhere low, although analyses 
establishing the fact are wanting. Highly argillaceous hmestones, 
generally mottled with red, occur in the lower half of the formation, 
especially in the Chattanooga belt. Many localities in the western 
half of the valley doubtless would afford materials for a proper mix- 
ture in the same quarry. 

The Chickamauga limestone containa representatives of practically 
all the formations into which the Ordovician rocks of middle Ten- 
nessee have been divided. The succession of the beds and of the 
faunas characterizing each is practically the same in the two areas, 
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SO that there can be little or no doubt respecting the coDtiDuitj of the 
beds beneath the later rocks which form the intervening Cumberland 
Plateau. 

WUTIKK AMD KIDSLS TXnSUXB. 
nONE8 BITZB OBOUF. 

The nearly horizontal limestones of the Stones River group form 
the floor of middle Tennessee, the lowest formation outcropping at 
Murfreesboro. They are all essentially nonmagneei&n and hence 
deserve mention as possible or promising materials. The Murfrees- 
boro limestone, with an exposed thickneas of 70 feet, is light blue, 
generally heavy bedded, in places rather earthy, and commonly very 
cherty. Murfreesboro is situated near the c^iter of the area in which 
this limestone comes to the surface. The diameter of the area, which 
includes also small outliers of later formations, ranges from 12 to 14 

The Fierce limestone, having a maximimi thickness of scarcely 30 
feet, rests on the Murfreesboro limestone and forms a narrow belt 
around the outcrops of that formation. It consists chiefly of thin 
layers of highly fo^iliferous pure or somewhat argillaceous limestone 
interbedded with thin seams of calcareous shale. 

The next formation, the Ridley limestone, SO to 100 feet thick, 
consists of thick-bedded light-blue, sparsely cherty limestone. The 
Ridley, like the Pierce, outcrops in as irregular circular band around 
the Murfreesboro area. Small exposures of its upper beds occur also 
in Bedford and Marshall counties. 

The Lebanon limestone has lithologic characters similar to those of 
the Pierce limestone. It is the fourth formation from the base of the 
Stones River group, has a thickness of 100 feet or more, and occupies 
a larger area than the preceding limestones. The towns of Lebanon, 
Lewisbui^, Shelbyville, La Vergne, and Fosterville are built on 
this limestone. It is shown also in the blufis of Duck River at Colum- 
bia. A considerable proportion of the bed conaista of argillaceous 
limestone. 

The Carter limestone, the uppermost division of the Stones River 
group, is a very light blue compact heavy-bedded limestone, 40 to 80 
feet thick. It occurs in all the counties in the central basin and is 
more commonly burned for lime than any other of the Ordovician 
limestones. 

UHsaroNBa or tbinton aob. 

The limestones of Trenton age, including, from the base upward, 
the Hermitage, Bigby, and Catheys hmestones as defined in the 
Columbia folio,* form a wide but irregular belt, completely encircling 
the central areas of the Stones River group. 

1 ToUo W, OvA. AthiTJ. B., U. B. OaoL Surrar, 1«>, W. l-I. 
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These formatioDs, though consistiiig almost entirely of limestone, 
still vary greatly from place to place in their hthologic characters. 
The Bighy limeetone, for inatance, is granular and phosphatic on the 
west side of the basin. Both of these peculiarities are lost on tracing 
the formation around the northern and southern sides to the eastern 
border, where a laige part of the formation, which has, moreover, 
increased in thickness, consists of compact earthy limestonee. 

The limestones of Trenton age in the counties bordering Cumber^ 
land River are particularly promising materials. Coal was formerly 
boated down from eastern Kentucky mines, and these shipmmts 
might be resumed if there was sufficient reason. At present only 
points in the vicinity of Nashville and Carthage have access to coal 
brought in by raihoads. At each of these places, however, there is 
such a variety of limestone and shales that it is scarcely to be doubted 
that abundant nkaterials affording the proper mixture are available. 

LEIFEBa POBKAnOK. 

Overlying the Catheys limestone is the Leipers fonnation, which 
as a xule consists of interbedded shales and thin, knotty, apparently 
nonmf^eeian limestones. It varies considerably in composition 
from place to place, even in the same outcrop, and on this accoimt is 
not deemed so promising as most of the underlying Ordovidan lime- 
stones. The Leipers formation outcrops chiefly in the slopes of the 
highland rim. It is of Cincinnatian or Upper Ordovician age. 

SQ.UBIAN AND DEVOlflAN I.OCE8TONK8. 

The Silurian and Devonian rocks of Tennessee embrace three 
limestone formations containing beds sufficiently low in magnesia to 
be considered available as Portland cement materials— the Clifton 
formation of western Tennessee (of Niagara age) , the Linden formation 
of middle and western Tennessee (of Helderberg age), and the Han- 
cock limestone of northeastern Tennessee (of uppermost Silurian and 
Devonian age). The Clifton and Linden formations outcrop chiefly 
along Tennessee River, and both, the linden especially, contain inter* 
stratified beds of shale. Locally the Clifton contains beds that are 
more or less highly argillaceous. These aigillaceous limestones occur 
principally in the lower part of the formation. Ix>caUy, as in the 
bluffs opposite Centerville, in Hickman County, they may afford 
material suitable for so-called natural Portland cements. 

HIBSISSIPPIAN LIMB8TONE8. 

Nonmagnesian limestones occur in three Mississippian formations in 
Tennessee. The lowest of these is the Fort Payne formation, in which 
the limestones are prevailingly very siHceous and cherty and for this 
reason axe probably not of importance in this connection. The 
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principal outcrops of the Fort Payne form the barrens of the highland 
rim and occur in the counties immediately surrounding the central 
baain and in the east side of the Cumberland plateau as far north as 
Pickett County. 

In western Tennessee the next division is the St. Louis limestone, a 
lai^e outcrop of which covers the greater parts of Robertson, Mont- 
gomery, uid Stewart counties and extends into adjoining counties in 
sonthwestem Kentucky. The St. Louis limestone is from 200 to 300 
feet thick and consists mainly of gray and blue, thick-bedded, cherty 
Hmeetone. Near its base, however, eapecially in Montgomery County, 
it commonly includes many beds of high^rade limestone, some of 
which are imderlain by oolitic and semioolitic limeetone r^arded aa 
of the same age as the Speigen limestone of Indiana. The Cheater 
group, which normally occurs above the St. Louia limestone, is not 
present in weetem Tennessee. 

In eastern Tennessee the Mississippian rocks above the Fort 
Payne chert are divided into the Pennington shale at the top and a 
limestone formation below. To the north the latter is called New- 
man limestone, having been traced from the Newman area in south- 
western Virginia, and to the south is called Bai^r limestone, being 
there continuous with the Bangor limeetone of Alabama. The lime- 
stones in the Pennington are genoully local; very little limestone 
app)eanng in the formation. The Newman limeetone covers the 
higher points of the highland rim and forms the surface rock over s 
wide belt of country along the western base of the Cumberland 
tableland. Livingston, Sparta, Cookeville, and McMinnville are 
among the towns on this belt. 

POBTIJUn) CEHENTT UTOUBTBT. 

In 1911 Tennessee had two Portland cement plants in operation — 
that of the Dixie Portland Cement Co., at Riclurd City, near South 
Pittsbuig, and that of the CUnchfield Portland Cement Co. at Kings- 
port, The former plant, which has been in operation for five years, 
uses a mixture of limestone and shale, both obtained from the Bangor 
limestone of the iCssissippian. 

POBTItAND CEMENT RESOURCES OF TEXAS. 

Three papers are given below on Portland cement materials in 
Texas: The first, by J. A. TafF, is a general discussion of the lime- 
stones of the State; the second, by E. F. Burchard, and the third, by 
G. B. Richardson, on cement materials near Austin and near El Paso, 
respectively, are more detailed discussions of the resources of smaller 
areas. In all three certain verbal changes have been made since their 
earlier pubUcation. 
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St»t« »t U^«. 

ByJ.A.TAFF. 
GEOLOGIC GCCUBKBIfOBS. 

Several limestone formations occur in the Carboniferous and 
older Paleozoic rocks in north-central Texas and in the Trans-Pecos 
region, and one has been found near the base of the Tertiary in Lime- 
stone County. These limestones may prove to be adapted to the 
production of certain classes of cement, but their constituents have 
not been determined. 

Of the many limestone formations in the geologic column of Texas 
those of widest extent and greatest purity, and therefore those best 
adapted for use in making Portland cement, are of Cretaceous age. 

The Cretaceous of Texas occurs in a wide belt of country, extending 
across the central part of the State in a north-south direction from 
^ed Kiver to the Kio Grande. It makes the most fertile lands in the 
most densely populated portion of the State. The cities of Sherman, 
Dallas, Fort Worth, Waco, Austin, and San Antonio are built upon 
it. Facilities of transportation are ample, for railroads extend from 
the principal cities to other centers of population in the State and 
beyond. 

Two divisions of the Cretaceous system contain limestone deposits 
of remarkable purity that are well adapted to the manufacture of 
Portland cement. These are the Austin chalk and the limestones of 
the Fredericksburg group {Goodland limestone to the north and 
Edwards limestone and Comanche Peak limestone to the south). 

AUSTIN CHALK. 

The Austin chalk is in the lower part of the Gulf series (Upper 
Cretaceous). (See Pl.XVIII.) From Red River, near the northeast 
comer of the State, its outcrop bears westward, passing near Clarks- 
ville, Honeygrove, and Paris, to Sherman. From Sherman its course 
bears southwestward beneath D^as, Waco, Austin, SanAntonio, and 
numerous smaller cities. From San Antonio its course westward 
parallels the line of the Southern Pacific Co. to the Rio Grande near 
Del Rio. 

The rock is a massive white friable limestone or chalk. Through 
several hundred feet from a horizon near the base to the top it carries 
from 70 to 90 per cent of carbonate of lime. Massive beds many feet 
thick are remarkably uniform in texture and composition. 
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AnaiflM* ofAuttia dbott and T^lor marl. 
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Near Red River, eaat of Sherman, the chalk probably does not 
exceed 400 feet in thickness. It is interbedded with chalk marls but 
contains some thick beds of nearly pure chalk. Between Sherman 
and Austin the formation is approximately 600 feet thick and is 
generally uniform in texture and composition. From Austin south- 
westward the chalk probably increases in thickness, but it is broken 
and in part concealed by faulting. 

The chalk is in contact with clay marls both above and below. It 
grades upward into chalk marl, which in turn is followed by limy 
clay, bringing into close relations all the elements essential to Hw 
production of Portland cement. 

The Austin chalk is structurally well situated for quarrying. East 
of Sherman it dips south and south of Sherman it dips southeast at 
approximately 40 feet per mite. 

FBBDBBIOKSBUKO QBOUP. 

The limestones of the Fredericksburg group outcrop west of and 
generally parallel to the outcrop of the Austin chalk. To the north 
the group is represented by the Goodland limestone, a massive, s^ni- 
crystalline white limestone 30 to 50 feet thick, which crops out in 
southern Oklahoma east of Ardmore. Near Ardmore the outcrop 
turns southward, crossing into Texas in Cooke County. From Brazos 
River southward the limestones gradually increase in ^ckness, 
reaching 300 feet on Colorado River. To the south the limestones of 
the group are represented by the Edwards limestone and the Comanche 
Peak limestone. The limestones of this group occur in large areas 
in Wise, Parker, Hood, Erath, Bosque, Hamilton, Coryell, LAmpasos, 
Burnet, Blanco, Kendall, Comal, and Bexar counties. Still lai^er 
areas are exposed in the Edwards Plateau west of San Antonio. 
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The Comanche Peak is a massive white chalky limestone nearly 
100 feet thick. The Edwards limestone, the upper of the two, is 
composed of an alternation of thick beds of nearly pure chalk and 
siliceous limestone beds containing quantities of nodular and almost 
pure flints. The flints occur in both the chalky and the siliceous 
limestones but are rather more abundant in the pure limestones. 
Near Austin and elsewhere in the central part of the State these 
purer limestones are manufactured into a high grade of white lime. 

The Goodland limestone caps escarpments overlooking the tim- 
bered lands of the Trinity sand in nortJiiem Texas and in Oklahoma. 
In central Texas its southern equivalents — the BMwards limestone and 
the Comanche Peak limestone — occur in a region of stroi^ly incised . 
drainage channels, where they cap local table-lands in the west and 
form escarpments, bluffs, and lowlands in the east. 

like the Austin chalk, these limestones lie almost flat, dipping 
slightly south in Oklahoma and slightly east and southeast in Texas. 

Cement material to the riclnltj of Austin. 

By E. P. BnacBARD. 

FHTSICAL CHABAOTBR OF CBHBNT HATERIALa. 

Beginning with the lowest formation the rocks considered of pos- 
sible value as cement materials are the Georgetown limestone and 
Del Rio clay, both of the Lower Cretaceous, and the Eagle Ford clay, 
Austin chalk, Taylor marl, and Webberville formation of the Upper 
Cretaceous, In the valley of Colorado River terrace silts of Quatei^ 
nary age overlie the Cretaceous unconformably. The formations 
strike northeast-southwest and dip gently southeast. The oldest 
rocks outcrop just west of Austin, the later ones overlapping from the 
east. 

The Georgetown limestone consists of impure white limestone alter- 
nating with bands of marly clay. Its total thickness is 65 to 70 feet. 
The principal impurities are silica and alumina, which are not gener- 
ally excessive; some beds, however, carry too much magnesia. (See 
analysis Se 329, p. 341.) This limestone outcrops in low bluffs and 
hill slopes in the vicinity gf the old cement works northwest of Austin. 

The Del Rio consists of greenish-blue laminated unctuous clay 
which weathers brown or yellow. It is rather fossiliferous, contain- 
ing many seams of calcareous shells, which in places have reacted with 
ferrous sulphate and formed selenite crystals. This clay lies upon 
the Georgetown limestone. Its thickness is SO to 100 feet, but the 
whole thickness rarely remains except where the clay is protected by 
the overlying Buda limestone. The outcrop areas of both the 
48834'— Bvill. S 
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Georgetown and the Dei Rio fonnations are narrow. As ahonm hj 
the analyses (Cy 15 to Cy 25, p. 341), the Del Rio clay is generallyrather 
low in silica as compared to the percentage of iron and alumina, and 
it also nms high in lime. The heat sample of Del Rio clay appears to 
be Cy 32. 

The Ea^le Ford clay a composed of laminated bituminous clays, 
shales, and fla^y limestone. It outcrops in narrow areas northwest 
of a line drawn northeast-southwest through the middle of Austin, 
and is commonly exposed in low bluffs below a cap of Austin chalk. 
The total thickness of the Eagle Ford is about 50 feet in the vicinity 
of Austin. The composition, as shown by analyses Se 361, 364, and 
365, approaches that of natural cement rock rather than that of true 

The Austin chalk is described on pages 335-336. Analyses Se 335 
to 363 indicate that it runs uniformly and moderately high in lime 
and low in magnesia. The silica is generally in moderate amounts, 
not too high for the almnina and iron oxide. 

Overlying the Austin chalk and occupying an outcrop area 3 to 6 
miles wide east of the chalk area is more than 500 feet of calcareous 
joint clay or marl known as the Taylor marl. When fresh the beds 
consist of fine-grained, tough, unctuous blue clay, which quickly 
becomes laminated and changes to yellow on weathering. The 
material, as shown by analyses Misc. 80 and 81, is neither a cement 
rock nor a good limestone, although it would not require the addition 
of a laige proportion of limestone to bring it to the composition of a 
cement mixture. 

Next above the Taylor marl is the Webberrille formation, which 
is composed of clay marls with greenish ^auconite grains and of 
black ^aly clay with arenaceous layers. Anal3rses of clay from the 
Webberville are shown as Cy 26, 27, and 28. This clay is not very 
uniform in composition, but in places material fairly high in silica 
may be found (Cy 27). 

The terrace silt from the south hank of Colorado River is used for 
making brick at two places. It is calcareous, although less so than 
most of the so-called shales and clays of the vicinity. Analyses Cj 
30 and 31 show, respectively, a rich clay, used for making dry-pressed 
face brick, and a loamy clay, used for making soft-mud sand-mold 
brick. 

It is of interest to note that at Dallas, Tex., good Portland cement 
is being made from the Austin chalk mixed with Eagle Ford clay, 
and that at San Antonio Austin chalk is also in use for natural 
and Portland cements. (See analyses, p. 343.) Austin, an inter- 
mediate point on the outcrop of these widespread formations, would 
thus appear to be favorably situated with respect to these important 
raw materials. 
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Some years ago cement was made at Austin on a small scale in a 
'ertical kiln from the Geoi^etown limestone and the Del Rio clay, 
t>cks stratigraphically lower than the Austin chalk. An analysis of 
easoned clinker from this kiln (No. 4 of the following table) corre- 
ponds closely with the average analysis of 10 samples of a mixture of 
' standard Portland cements (No. 5 of the table). In 1904 analyses 
md clinkering tests of limestone and clay from the properties of the 
Vilstin Portland Cement Manufacturing Co. were made at the labo- 
atoties of a lat^e Portland cement company in the North. For 
>urposes of comparison the following analyses are given: 

Arudyaa of raw motaiaU and maiuifatiujtd trnnentfrtmi AxuUn, Ta." 





1 




3 


. 


i 




2.W 


41. SS 
19. U 


20.M 

-1 


is2 
oaiw 

.35 








(on oxide (F«iOi). 


la 

















>> Analrsei 1-3 made at 



le Ub«raI(iT7 of B vorktoE Portlagd cemgnt plant. RaporUd by a> 



3. Resultlag ccnmit. 

4. Old oeniml dlnker. Analyib tmdgat thvlabontory oCtheU. S. Gaol. Survey, St. Loula, Mo. 
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For the kiln test the limestone (1) and day (2) were mixed in the 
iroportioQ of about 3.9 to 1, ground wet to such fineness that prac- 
ically all the mixture passed a 200-mesh sieve. The mix was dried 
ind burned in a test kiln with gas fuel. The clinker was well sin- 
ered and dense and after being finely ground yielded a gray cement 
laving good hardening properties. The results of some of the phys- 
cal tests were as follows: 



itiulU ofphyncal lettt oi 



if yielded by hiin test i 
Del Rio day. 



n mixed Georgetown limestone and 






Time of set: Initial, three and one-half houis; final, t 

Specific gravity: 3.12. 

Fineness: Passed IDO-meeh, 90 per cent; passed 300-meeh, SS per cent. 

Tensile strength, neat: Seven days, 665 to 805; 28 days, 882; one year, 665 

pounds per square inch. 
Tensile strength, 1:3 sand: Seven days, 425 to 460; 28 days, 471; one y«ar, 

375 pounds per square inch. 

To be of value for the manufacture of Portland cement shales 
ihould contain silica in the proportion of not less than twice nor 
nore than three times the alumina plus the iron oxide ; some manu- 

'Bcturers report best results when the ratio x. - ?t - v ^ • (\ ' is between 
!.5and 3. / - i 

,_.ii,C_.oo'-^lc 
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Inspection of the analyses of all the clays and shales in the table 
on page 341 shows that in not one of the Del Rio clay samples does 
this ratio reach as high as 2.5, and in some samples the ratio is less I 
than 2. Only one out of the 20 clays (Cy 28) gives a ratio bet^ween | 
2.5 and 3, although two others (Cy 27 and Cy 32) come close to 2.5. 
It is evident that theee clays should be used with limestones carry- 
ing enough silica to make up for its lack in the shale. Possibly thr 
necessary silica might be supplied from certain of the more faigbly 
siliceous beds in the Cteo^etown limestone and the Austin chalk. 
It should be noted that analyses Se 328 and Se 329 show more than 
the maximum allowable limit of magnesia (MgO), which is generally 
considered to be 3 per cent. The Austin chalk runs generallyhigher 
in lime than the Georgetown limestone and is imiformly low in mag- 
nesia. The K^Ie Ford clay, according to the analyses, appears to 
be nearly a natural cement rock, which would require the addition 
of only a small proportion of high-calcium limestone to make a 
Portland cement mixture. The Taylor marl is rather hi^ in lime 
and low in silica, as are most of the samples of Del Rio day and clay 
from the Webberville formation. The two terrace clays give ratios 
much higher than the maximum limit. Se 31 shows a very high 
percentage of sUica, but the' writer is not informed as to how much 
of this is free silica, a very objectionable material. The proportion 
of alumina and iron oxide is much too low to give promise as a 
cement material, and the fact that it is so low suggests that a lai^e 
proportion of the silica does occur in a free state. Attention should 
be called to the analyses Cy 32 and Cy 27, which seem to have been 
made upon the most promising clays in the whole series. 

The results of a number of chemical analyses of limestone, clay, 
etc., from the vicinity of Austin, Tex., are given in the first table 
below. They were made by P. H. Bates and A. J. Phillips at the 
laboratories of the United States Geological Survey in St. Louis in 
1908 on representative samples of material ranging generally from 
20 to 50 pounds in weight, and are part of a series of tests that were 
planned for the promising deposits of undeveloped cement-making 
materials of the United States. It was planned to make kiln tests 
on the raw materials, to experiment with certain fuels, including 
lignite and producer gas, to grind the clinker, and to make the usual 
physical tests on the resulting cement, but lack of necessary funds 
prevented. The second table (p. 343) contains analyses of rocks 
from Dallas and San Antonio, Tex., used for making Portland cement , 
as well as analyses of the clinker and fresh cement made at Dallas. 
These data are inserted for purposes of comparison. 
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■CONOKIC REunoNS. ' I 

For the economical operation of a PorUand cement plaat in this { 
vicinity operating costs must be kept as low as possible in order to \ 
compete with established plants at Dallas, San Antonio, and El Paso, I 
Tex., and also to compete occasionaUy with eastern cements brought I 
by water to Galveston and with cements imported from Qenn&ny. I 
It is therefore probably out of the question to consider collecting the 
limestone and shale from separated localities, although in this way 
the most suitable combinations of materials might be obtained. 
The problem resolves itself into one of finding suitable materials | 
adjacent to each other, and of course the more favorably situated i 
with r^ard to transportation facilities the better. The most l&gical i 
combinations of adjacent formations are Georgetown and Del Rio, ' 
Austin and Eagle Ford, and Austin and Taylor. If combinations I 
of materials from any two of these formations are foimd, on further ' 
test, to make good Portland cement, there should be no difficulty ' 
in finding ideal manufacturing sites in the vicinity of Austin. All 
the materials are comparatively soft and it should be possible to 
grind them very finely without great expenditure of power. Petro- 
leum is the fuel that would probably be most suitable and available 
in this region. The limestone, clay, and shale that have been men- 
tioned occur in abundant quantities in the re^on. Their distribu- 
tion is shown in detail in the Austin geologic folio.' 

Cement raal«rial near El Paso. 

By G. B, R1CHABD8ON. 

The considerable coat of Portland cement at FA Paso, Tex., owing to 
ita distance from the nearest plant, and the fact that this rapidly 
growing city ia the commercial center of a large area, cause the local 
presence of the raw materials for making cement to be a matter of 
importance. 

OBOLOOT.' 

The city of El Paso is situated in the Rio Grande valley, at the 
mouth of a narrow gap cut by the river between the Mesilla Valley 
and the Hueco Bolson. The Franklin Mountains lie east of the 
gap and the Cerro de Muleros west of it. The Franklin Mountains 
are composed of sedimentary and igneous rocks which range in age 
from Cambrian to Cretaceous. The strata dip steeply westward, and 
the mountains as a whole have the general characteristics of a Basin 
Range block, but they differ from the type by being complexly 
faulted internaUy. The Cerro de Muleros is a laccolithic mountain 

1 AiuUnloUa (No. 76), Qtal AUu U. S., V. B. 0«o[. Survey, 1003. 

■ Bee&lsoltlclurdMn, G, B., Raowin^Manee In tnuu-Peoos Teiai: Bull. Univ. TeiuUlneral Bum; 
No. tt, 19U4. 
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with a porphyry core flanked by Cretaceous Bedimenta, This moun- 
tain also has been much faulted, especiaUy contiguous to the pass 
through which the Rio Grande flows. The bolsoo deposits, like the 
flood plain of the river, consist of gravel, sand, and clay. Limestones 
are abundantly developed in the Franklin Mountains and both lime- 
stone and shale are present in the Cerro de Muleroa and in outlying 
hiUs between the two mountains. 



The clay materials can be classed as bolson day, flood-plain day, 
and shale. The bolson claya are extremely irregular in their occur- 
rence. They are locally exposed in the terraces above the river and 
have been found as lenses in numerous wells sunk in the Hueco 
Bolson. As yet none of these deposits have been developed. 

Flood-plain day occurs in several localities in the Eio Grande val- 
ley near El Paso. The material, derived from rocks that outcrop 
higher up in the drainage area of the river, has been brought down 
and deposited by the stream. In this manner deposits of d*^' inter- 
calated with sand and gravd have accumulated, the mode of origin 
causing the deposits to be of irregular extent and composition. The 
beds range in thickness from a few inches to many feet, and in char- 
acter from a rather pure clay to one containing large admixtures 
of sand. More or less organic matter also is usually present. The 
analysis of clay from Whites Spur, about 10 nules north of El Paso 
(p. 346), shows the composition of what is perhaps a typical sample 
of flood-plain clay. This day is manufactured into common wire- 
cut brick at several plants in the valley — at Vinton and Whites Spur, 
above El Paso, and at others below the city. The product is of 
fairly good grade, and several miUion bricks from this source are 
made yearly, Adobe bricks, made of sun-dried flood-plain clays, 
are manufactured extensivdy by the Mexican inhabitants of the 
Rio Grande valley and are used in the construction of their pic- 
turesque buildings. 

The deposits of shale are more important for cement making Uian 
the flood-plain days because of their uniform texture and general free- 
dom from coarse particles. The blue-gray clay shale of Lower 
Cretaceous age ia interbedded with sandstone and lipiestone on the 
flanks of the Cerro de Muleros, is well exposed in the pass along the 
west bank of the Rio Grande, and occurs in small areas east of the 
river. The composition of four samples is shown by the accompany- 
ing analyses. The figures indicate considerable variation, silica, 
ran g in g from 49.08 to 75,15 per cent, alumina from 10.90 to 20.71 
per cent, and lime from 0.66 to 13.56 per cent. The analyses, except 
of No. 3, which contains too much silica and relativdy too much 
aluminum and iron, show that the shale is well adapted for making 
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cement. More teste are desirable to determiiie the extent of the 
different grades. 

Arialytt* of ihaU, clay, andlimettonefitnn Ae vtemilt/ of ElPato, Tex. 
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4. Limnuue bull CmmlMme quany. 

Bricks of excellent quality are made from this shale, three grades 
being manufactured — pressed brick, common wire-cut brick, and fire 
brick. Many thousands of the first two grades are made daily, but 
at present only small quantities of fire brick are manufactured, their 
chief use being in the brick kilns. An analysis of fire clay (No. 3) 
shows a small content of fluxing impurities, although the high per- 
centage of silica, 75.16 p«- cent, indicates only moderate refractoriness. 



The limestones of the EI Paso r^on aggr^ate more than 5,000 
feet in thickness and are separable into five formations — Lower Or^ 
doTician, Upper Ordovician, Silurian, Carboniferous, and Cretaceous. 
Without fossil evidence the different limestones can not everywhere 
be recognized, although each has physical properties peculiar to 
itaelf. They are all massive and are in the main gray in color, but 
some are whitish and others are almost black. Some are more crys- 
talline than others and they contain variable amounts of chert. A 
characteristic difference is their content of magnesia, as shown by the 
following analyses: 

Ltrntrnidma^putiaxnlimuUmafromOuvuinUs of ElPato, Tex. 
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The tliree older formations cont&in abundant magnesia, in quan- 
tities almost sufficient to constitute the rocks a true dolomite, but 
the magnesia content of the younger limestones is very small. On 
account of the high magnesia in the older limestone^ they are an£t for 
cement making, but those of Carboniferous and Cretaceous age are 
well adapted for this purpose. 

The distribution of these limestones in general is distinct. The 
older formations outcrop along the crest and form the "backbone "of 
the Franklin Mountains. The Carboniferous limestone lies along the 
northwestern slope of this range and is particularly weU developed 
adjacent to the Texas-New Mexico boundary line. The Cretaceous 
limestone outcrops along the flanks of the Cerro de Muleros and occurs 
also in the gorge above El Paso on both sides of the riTer. The 
greater accessibihty of the Cretaceous Umestone and its occurrence 
near ihe shale make it probable that this will be first used, in pr^er^ 
ence to that of Carboniferous age. 

Both the magneeian and nonmagnesian limestones are burned for 
lime in the vicinity of EI Paso. For this purpose the Ordovician 
Umeetonee are quarried at the south end of the Franklin Range and 
the Cretaceous limestone at the pass above the city. La^e quanti- 
ties of the Cretaceous limestone are also quarried and crushed for use 
as furnace flux by the smelter in the valley 4 miles above El Paso. 
The rock is also extensively used for foundations and for road-making 
macadam. 

FOBTLAND CEXENT ZNDUSTBY IN TEXAS. 

In 1911 Texas produced over 1,500,000 barrels of Portland cem^it 
from four plants. One plant, that of the Alamo Cement Co., of 
San Antonio, is relatively small but has been in operation for many 
years. The other three plants, those of the Texas Portland Cement 
Co., of the Southwestern Statee Portland Cement Co., at Eagle Ford, 
and that of the Southwestern Portland Cement Co., at El Paso are 
large and of recent construction. All foyr plants use Cretaceous lime- 
stones for their raw materials. Oil is used as fuel at the plants near 
Dallas, coal and oil at San Antonio, and coal at El Paso. 

BIBLIOaBAPHT. 

BraoEASD, E. F., Sfznctuial nmteriala sear Auetin, T«x., Bull. U. S. Geol. Survey 

No. 430, 1910, pp. 309-313^ 
RicBAKDBON, O. B., PortUnd cement Toateriale neat El Faao, Tex., Bull. U. S. Geol. 

Survey No. 340, 1908, pp. 411-*14. 
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fostiiams cement resources op utah. 

poktIiAUD cekent hatebials. 

Limestones, generally low in magnesium carbonate, occur in many 
parts of the Wasatch Mountain area la Utah. Most of these lime- 
stones are of Carboniferous age. Many of them contain ao much 
clayey matter as to fall below 75 per cent in time carbonate, ia which 
case they are to be r^arded as approaching in composition the cement 
rock of the Lehigh district of Pennsylvania. A rock of this type 
would require the addition of a purer limestone to give it the proper 
percentage of lime for a Portland cement mixture. 

In the plateau district softer limestones, of Eocene and later age, 
occur. 

Anah/ia of limttbmetjkm Utah. 
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In addition to the limestones just mentioned, an interesting mate- 
rial has newly been discovered to be of value in the manufacture of 
Portland cement.* It occui^s in the form of marl underlain by clay. 
This deposit lies in the abandoned bed of the northern portion of the 
old Salt Lake basin. It is a homogeneous, tmstratified, grayish, 
fine^ained soft marl. At the surface the material is, in midsimi- 
mer, fairly dry to the depth of 1 foot or more, but becomes damp 
below, and at the base salty water seeps in and fills holes where the 
underlying clay is excavated. The clay underlying the loam ranges 
from light gray through yellow to bluish in color, and is also fine 
grained. The deposit referred to lies 5.6 miles northwest of Brig- 
ham. The nearest remnant of Salt Lake is a small lake known as 
Boxelder Lake, a marshy tract which lies a short distance south of 
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the marl dq)osit. The marl ia 4 to 10 feet deep, and the clay has 
been tested to a depth of IS feet. The marl runs generally between 
1 and 3 per cent of magnesium oxide, between 40 and 46 per cent of 
calcium oxide, between 7 and 12 per cent of silica, and between 1 
and 3.5 per cent of alumina plus iron oxide. There has been found 
aa high as 4.5 per cent of sodium chloride (common salt) in the marl, 
and the wet material carries as high as 32.29 per cent moisture. The 
clay carries 48 to 50 per cent of siUca, 16.5 to 18.6 per cent of alumina 
plus iron oxide, about 7.6 per cent of lime oxide, 2.5 to 2.8 per cent of 
magnesium oxide, 2.7 to 2.9 per cent of potassium oxide, 1.3 to 5 per 
cent of sodium oxide, and about 2.25 per cent of sodium chloride. In 
a wet condition the clay contains as much as 40 per cent of moisture. 

POBTLANS CBUBNT INDtTSTBT. 

During 1911 the output of Portland cement in Utah amounted to 
662,849 barrels. This was produced by three plants. 

The oldest company in the State is the Portland Cement Co. of 
Utah, which has its mill in Salt Lake City, but which obtains its 
raw materials from Parleys Canyon, several miles southeast of the 
city. Two different types of limestones are obtained here — one a 
cement rock high in clayey matter, the other a relatively pure lime- 
stone. These are mixed in proper proportion for Portland cement, 

Analytet of Portland cement Tnattrialt vttd in Salt Lake City, Vlah. 
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The second cement plant put into operation in Utah is at Devils 
Slide, near Ogden, and is owned by the Union Portland Cement Co, 
This plant uses high calcaum and low caldlum limestones and shale. 

The newest plant is that of the Ogden Portland Cement Co., at 
Bakers Spur, 5) miles northwest of Brigham. This plant utilizes 
the marl and imderlying clay at the bottom of the abandoned bed of 
the northern part of Great Salt Lake. 

PORTLAND CEMENT RESOUBCES OF VERMONT. 

Vennont, unlike the other New England States, contains extensive 
and important deposits of nonmagnesian limestones and marbles, 
which are worked at present for building stone and lime burning. 

The limestones quarried in Vermont fall into two distinct groups. 
The first group contains the crystalline limestones (marbles), worked 
extensively in the vicinity of Rutland, West Rutland, Dorset, and 
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Br&ndon. The material obtained in this area is well known conuner- 
dally as the "Vermont marble." The second group includes those 
quarried in northwestern Vennout, principally near Swanton, High- 
gate Springs, Winooski, and Lieicester Junction. These limestones 
are mostly of Ordovician ^e (Chazy and Trenton), are not maricedlj 
crystalline, and commonly range in color from daric gray or blue to 
almost black. 

Both types— the marbles and the black limestones — are generally 
very low in magnesia, as may be seen from the analyses below: 
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Bnrra;, pt. 3 (ontlnDad), iwe, p. 80S. 

So far as composition is concerned, both the marbles and the ordi- 
nary limestones are well suited for Portland cement materials. Fuel, 
however, is expensive; good local markets for cement and cement 
products are lacking; and satisfactory clays are rather difficult to 
obtain. Commercial conditions, therefore, seem to rule these other- 
wise excellent Vermont limestones out of consideration. If condi- 
tions were different, a flourishing Portland cement industiy might 
be established, as a cement plant could utilize the enormous waste 
from the marble quarries. 

PORTIiAKD CEMENT RESOURCES OF VIRGINIA. 
FOKTLAin} CEUBMT MATBKIALB. 

DISTEIBIITION. 

From a geologic point of view, the promifflng sources of Portland 
cement material in Virginia, named in descending geologic order, are : 

1. Tertiary obeli bedo or "marla." 

2. Greenbrier and NewtnaaUmeatane8(MleBinippiaiiege). 

3. Lewistown Umeelone (Deronisa and Silurian ag«). 

! 4. Ordovidan limeetonee (Trenton and Stonea River age). 

The last three divisions (see PI. XTX) occur in western Virginia, 
: la the Great Valley and in the foothills of the Allegheny ridges. The 
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Tertiary shell beds, which are probably the most importanti occur 
in tidewater Virginia. 

TEBTIABT SHELL BEDS OB "tUBLS." 

In the eastern counties of Virginia certain Tertiary formations 
cany beds of so^aUed marl, which are of great Importance in con- 
nection with the probable development of the Portland cement 
industry iQ Virginia. 

The Tertiary shell beds or "marls" of Viiginia are not the same 
materials which have long been known as marl in the Portland cement 
industry of New York, Ohio, Indiana, Michigan, and Canada, nor 
are they limy shales of the type which the older geolo^ts called 
maris. In order to distinguish the Tertiary materials from these 
other "maris," they will be alluded to in the present report as "shell 
beds," a term whidi is precise and descriptive and which does not 
carry with it implications of identity with the other types of "marl." 

Shell beds occur in both the Eocene and Miocene series of the 
Tertiary, but only the Miocene sheU beds need be considered as 
possible sources of Portland cement material. The Miocene shell 
beds outcrop in all the counties of the coastal plain in Viiginia, being 
best exposed, however, in Nansemond, Isle of Wight, Surry, York, 
and Gloucester. They owe their great importance as cement mate- 
rials not to any superiority in Uietr composition but entirely to their 
location on tidewater. Indeed, the composition of most of them is 
hardly attractive to the cement manufacturer, and such of them as do 
not outcrop on or near deep water and within easy reach of a coal- 
carrying road may as well be dismissed from consideration at once. 
This fact practictdly limits development to the beds lying on or near 
James and York rivers. 

Originally the beds were made up of masses of shells of various 
mollusks; some of them contained considerable clay at the time 
of their deposition, and since deposition many have become so 
infiltrated with sand and clay as to show relatively low percentages 
of lime carbonate. The end result of such changes in composition 
will often be the production of a mixture of sand, day, and shells 
utterly worthless for use as a Portland cement material. 

Of course it is not at all difficult to get a small sample of almost 
any desired composition from one part or another of these shell beds. 
The following analyses, however, really represent the range in com- 
position of the better beds and are the results of careful sampling 
through the entire thickness, llie sampling was done by H. Drew 
and E. C. Ek;kel, and the analyses were made by the L^iigh Valley 
Testing Laboratory and in the laboratory of the Alpha Portland 
Cement Co. 
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Analyui of Miocene dull bede, Virginia. 
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The above series of analyses shows certain peculiarities. Tiie 
magnesia is very low but steady, at about one-half of 1 per t^nt. 
The Ume runs only a little higher than is needed in a Portland cement 
mixture, so that the addition of very little clay is required. In the 
aigillaceous constituents, however, the balance is different from that 
of normal clayey limestones. Thesihca, for example, is low comp&red 
to the total of alumina and iron oxide, Most striking of all, the iron 
oxide is much in excess of the alumina. These pecuharities of com- 
position in the more clayey shell beds involve difficulties in manu- 
facture, and it is therefore highly desirable to use the purer shell beds. 
Careful exploration has shown that such purer beds are scarce, and it 
is this fact which sets a maximum limit to the possibihties of cement 
development in the Coastal Plain region of Virginia, 

The cement plant of the Norfolk Portland Cement Co. is now using 
the Tertiary shell beds and associated clays. (See p. 359.) 

OBBENBRIEB AND NEWMAN LIMESTONES (MISSISSIPPI AN AGE). 

Posiiion of the (i«po*tis.— Throughout western Vii^inia the Missia- 
sippian series consists lai^ely of limestone. In West Virginia and 
Maryland this limestone is called the Greenbrier limestone, and the 
same name is applicable throughout the greater portion of its extent 
in Viiginia. In southwestern Vii^inia, however, the tenn Newman 
limestone is applied to a heavy hmestone occupying approximately 
the same stratigraphic position as the Greenbrier farther north, 
and the two limestones agree closely in composition as well as in 
stratigraphic position. 

The Mississippian limestones outcrop, in spite of their thickness, 
only as rather narrow strips in several of the counties of southwestern 
Viiginia. The most favorable locahties, so far as the possibihties of 
cement manufacture are concerned, are in the vicinity of Cumber- 
land Gap, Tenn., where the limestone beds are accessible to two 
railroads and are within a few miles of the important Middlesboro 
coal district of Kentucky. The following data were gathered during an. 
examination of the cement possibilities of the district by the writer, 
in the course of work for the United States Geolo^cal Survey. 

The rocks of the Cumberland Gap district include Silurian, Devo- 
nian, and Carboniferous formations, dipping mostly 15° to 36° NW. 
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The section exposed, from above downward, may be generalized as 
follows: 

Geologic uetion near Cwnhtrhtnd Gap, Term. 
Caibooiferoua: 

PenBflylvauian — 

PottBviUe group- -niob^^i 

Sh&ke and sandBtooee with cc«l beda. MieeL 

Lee conglomerate (massive aandstone atid coDglomenite)... 1,000-1,100 
UiseiasippiAn — 

Pennington shale (greenish shales and thin Bondstone) 50- 150 

Nevnum limeetone (heavy-bedded blue and gray limeetone) . . . 250- 400 

Gningsr shale (gray tograenish shalea) 60- 12S 

CSiattanoc^ ahale (black carbonaceous ahalee) ISO- 300 

Silurian: 

Clinton formation (shalee and sandatflnee, with beda of red hema- 
tite) 400- 700 

Of the formations above listed, the topmost shales and sand- 
stones outcrop only in the area northwest of Cumberland Mountain, 
the crest and northwest Sank of this mountain being formed by the 
massive Lee conglomerate. Underlying the conglomerate, near the 
top of the southeastern flank of the mountain, is a relatively thin 
bed of Pennington shale. Below this and generally forming the 
middle part of the slope are heavy beds of Newman limestone. The 
Grainger and Chattanooga shales outcrop on the lower slopes of the 
mountain and in Poor Valley at its foot; the Clinton fonnation 
commonly makes up the Poor Valley Ridge just southeast of Poor 
VaUey. 

Available limestone. — ^The Newman limestone shows 260 to 400 
feet of heavy-bedded blue to gray limestones. Cherty beds occur 
at several horizons, but the mass of the rock is fairly pure and 
low enough in magnesia to furnish a satisfactory Portland cement 
material. 
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The shales required for cement can be obtained from four differ^it 

geologic formations — the topmost part of the Carboniferous, the 

Pennington shale, the Grainger shale, and the Chattanooga shale. 

48834"— BuU. 6! 
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Each of tiiese formations is well exposed in this vicinity. The latter 
three outcrop along the southeast flank of Cumberland Mountain 
and the topmost shales of the Pennsylvanian outcrop in the Middles- 
boro basin northwest of that ridge. The shales will be briefly 
described in geologic order. 

The Chattanooga shale (Devonian) is in this district 150 to 400 
feet thick. It consists of brittle black carbonaceous shales or slates. 
many of which contain small percentages of pyrite. Some beds con- 
tain too much sulphur to be entirely satisfactory as cement material, 
but the mass of the formation is good enough, so far as sulphur is con- 
cerned. Few beds are sandy, and ihe silica percentage of many of 

them falls so low that— i ■ -. tt— = 2.25. Material mth 

aiumma + uvn oxide 

this siUca-alumina ratio can be used in cement manufacture, but the 
shales next to be considered would seem more satisfactory. 

The Grainger shale, lying above the Chattanooga shale and below 
the Newman limestone, varies from 50 to 125 feet in thickness. It 
is composed of gray to greenish shales, sihceous enough on analysis, 
but with no coarse sandy beds. For this reason this shale is prob- 
ably the most satisfactory as a cement material. 

Analyrit of Onanger tKaU, Ctimberland Oap, Tetm. 

SiUcft(SiO,) 74.00 

Alumina (AM),) IS. 60 

Iron oxide (Fe^4) S.W 

Lime cwbonata (CaCO,) 2.01 

Hagneeium carbonate (MgCO,) 1.53 

The above analysis was made in 1904 by J. G. Harding, of Wells- 
ton, Ohio, on a sample of shale taken a few feet below the limestone 
in the Morrison quarry. It is obviously very satisfactory for use in 
Portland cement manufacture, owing to its composition giving the 
following ratio : 

Sihca 74.00 ^ 

Alumina + iron oxide 16.90 

The Pennington shale, which overlies the limestone, is here from 
50 to 160 feet thick. It consists of greenish shales alternating with 
thin layers of sandstone. Though it is probable that by careful 
grinding this material could be utilized for cement manufacture, it 
is not regarded as so satisfactory as the Grainger shale, which under- 
lies the Newman limestone. 

In the "Goal Measures" ot the Middlesboro district, immediately 
west of Cumberland Mountain, ahale beds occur at many localities. 
At the Harkness Brick Works, 8 miles northwest of Cumberland Gap, 
some of these Carboniferous shales have been utilized. Analyses of 
these shales, by A. H. Phillips, follow: 



by Google 



vTBQiinA. 855 

AnalyM* of Carboni/trottt thaia wtd at Barhuat Brieh Worl», Vtrffinia. 
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Analyses of Mississippiaa limestones (Greenbrier and Newman) 
from a number of other localities in southwestern Virginia are pre- 
sented in the following table: 
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S. yermao Umestone, B 



1. Lnrich, Oiks Counly. J. H. Olbboney, uulrit. Bull. Vlrgliiia Geol. Bap- 

aortheni part of WTthe CouDt j. Idem, p. 778. 
^'endotB, Waiu^ston Count;, IdiuD, p. 280. 



LEWISTOWN UMESTONE. 

The Lewistown Umestone appears in the foothills of the Atl^heny 
ranges on the west side of the Great Valley throughout the entire 
extent of the latter in Virginia, At Fordwick the Virginia Portland 
Cement Co. has for a number of years used the Lewistown limestone as 
its principal raw material in cement manufacture. Farther south- 
west in Virginia limestones of approximately the same age as the 
Lewistown have been described and mapped as the Hancock lime- 
stone. 

This series of limestones is exceedingly variable not only from 
place to place along the strike of the rocka but most notably from 
bed to bed in the same locality. It is therefore very difficult to 
make satisfactory general statements as to composition. In a very 
general way it may be said that the lower beds of the formation are 
generally shaly limestones, in many localities approximating natural 
cement rocka in composition. The beds higher in the formation are 
commonly less shaly, hut in this upper portion of the series many 
cherty layers are interbedded with the pure limestones. M^nesia 
seems, unfortunately, to be confined to no particular portion of the 
formation. "WiOi aJI this the series carries some very satisfactory 
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cement materials, and where it outcrops along the line of a coal- 
hauling railroad it is certainly worthy of consideration and of close 
examination. 

Of the analyses in the following table Nos. 1 and 2 represent the 
compoaition of the purer beds of the Lewistown and Noa, 3 and 4 
apparently that of cherty beds. 

Awilstet of Lewittown Hmeitone, Vtrgtnia. 
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OSDOTICUN LIMESTONES (tBENTON AND STONES RIVEB AQE). 

The Ordovician limestones of Vii^iinia, because of their attrsctire 
composition and because they outcrop in the most thickly settled 
section of the western part of the State, have been discussed exten- 
sively as posdble sources of cement material. The Tertiary shell 
beds, however, are nearer to the market, and the Greenbrier and 
Lewistown limestones are nearer to the fuel supply, thus heavily 
handicapping the Ordovician limestones in any competition for 
northern or western markets. 

It is impossible to discuss in detail, in the space allowable, the 
rather complicated stratigraphy and geographic distribution of the 
Ordovician limestones in Vii^inia. Only a summary of the facts 
bearing on the possible utilization of these limestones for Portland 
cement can be given. 

The great series of hmestones which occupies most of the valley 
between the Blue Ridge and the All^heny range has for conTenlence 
been termed the Shenandoah limestone. From a very early date, 
however, it was known that this hmestone series contained represen- 
tatives of several geologic formations and that in age the limestones 
covered the period from early Cambrian well into Ordovician. Care- 
ful work by a number of geologists has resulted in the subdivision of 
the Shenandoah group into several fonnations. The details of the 
subdivision and the names applied to the units vary in different parts 
of the valley. Certain broad statements, however, are sufficiently 
close to the truth to be serviceable throughout the State as aids in the 
search for low-magnesia limestones. 

The basal portion of the Shenandoah group, or in a general way the 
Cambrian part of the group, in most places carries too much n 
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to be fit for use in Portland cement manufacture. In places low- 
magneeia limestones are found in the lower part of the Shenandof^ 
group, but such are veiy exceptional and can not be discussed satis- 
factorily here. 

The upper part of the Shenandoah group, however, is markedly- 
different. The upper limestones, correaponding in a general way to 
the Ordovician portion of the group, are commonly sufficiently low in 
magnesium carbonate to be worth considering as posable sources of 
Portland cement material. These upper limestones are principally of 
Trenton and Stone River age. In different parts of Virginia they are 
subdivided and named differently, but for present purposes they can 
be considered together under the general term of Ordovician lim^ 
stones. 

The Ordovician limestones are best exposed, in general, along the 
western side of the Shenandoah Valley and its southern continua- 
tions. (See PI. XIX.) In most localities they are overlain, or are 
:flanked on the west, by a heavy series of shales called in the northern 
and western portion of the valley the Martinsburg shale. 

The following table contains a number of analyses of Ordovician 
limestones from Vii^iinia localities. This table could have been 
extended indefinitely, but it is believed that the analyses given will 
suffice to illustrate the range in composition of the limestones: 

Anabi$e$ of Ordnvician timettona, Virginia. 
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The table shows that the Ordovician limestones in Virginia, as 
elsewhere in the eastern United States, include both pure high- 
carbonate rocks and shaly limestones or cement rocks of the type 
used in the Lehigh district of Pennsylvania and New Jersey. The 
Virginia cement rocks seem to tend to show a bad ratio between the 
silica and the alumina and iron oxide, but this may not persist 
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throughout the State. No criticism can be made of the high- 
carbonate limeetones, and the overlying shales are almost eveiywhere 
suitable for mixture with these overlimed rocks. 

FOBTI.AND OBMBBT INDITBTAY IN VIBOINIA. 

At present Vii^inia has only two plants engaged in the manufacture 
of Portland cement, and to the writer it seems probable that whatever 
future development may take place in the cement industry of the 
State will be along lines not considered Jn previous publications od 
this subject. The tendency m discussions of the cement possibilities 
of Virginia has been to assume that the excellent limestone reeources 
of the TsUey of Virginia are alone sufficient to justify cement devel- 
opments in that portion of the State. Unfortunately for this theory, 
Virginia itself does not furnish an important cement market, and the 
only justification for cement manufacture within its borders is that 
it possesses sites having advantages in fuel or transportation over 
competitive sites in adjoining States. To justify the erection of a 
cement plant a site should not only furnish a satisfactory limestone 
supply, but should have reasonably cheap coal for power and kilns 
and should offer transportation rates which will enable the output 
to be shipped to large markets and sold there in competition with 
the product of plants of other localities. Such favorable sites tliere 
may be in Virginia, but they are not in the valley areas which have 
commonly been considered possible centers of cement manufacture. 
This matter is emphasized here because in Bulletin 243 of the United 
States Geological Survey, which may be regarded as a first edition 
of the present report, the more abundant data available as to the 
limestones of the valley of Viiginia caused them to receive undue 
attention as compared with other and now more promising formations. 

The two Portland cement plants at present in operation in Vir- 
ginia are widely separated as to location and use very different raw 
materials. 

The plant of the 'N^rginia Portland Cement Co. is at Fordwick, 
near Craigsville, on the line of the Chesapeake & Ohio Railway. 
The raw materials used are from the Lewistown limestone and the 
Devonian shale. Analyses' follow: 



Analyu* of cement maleriaU uttd at Fordiviet, ruar CraigwrnlU, Va. 
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The Norfolk Fortl&nd Cement Co., a subeidiary of the American 
Cement Co., has recently put into operation a plant at South Norfolk, 
or Berkeley. The raw materials used are derived from the Tertiary 
shell beds along and near James River and from the sedimentary 
clays that at several places overiie these shell beds. Analyses 
follow: 

Anals/*e> o/raw materialt uttd •ntar Norfolk, Va. 
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POBTLAND CEMENT BESOtTKCES OF WASHINGTON. 
F0BTZ.A2n> OEMBHT HATBBIALS.' 

Washington shares with adjoining portions of British Coulmbia the 
distinction of having the only large deposits of limestone located on 
deep water along the entire Pacific coast of the United States and 
Canada, and this fact may become of importance in relation to the 
future development of the cement industry. 

Limestone, the principal ingredient necessary in the manufacture 
of cement, is found only in the northern counties of the State from 
Puget Sound to the Idaho boundary; that is, in San Juan, Whatcom, 
Snohomish, Skagit, King, Okanogan, Ferry, and Stevens counties. 
Clays occur much more widely, but only those near the limestones 
will be discussed. 
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BAN JUAN COUNTT. 

In San Juan County the only deposits of limestones and clays worth 
considering are at tidewater on San Juan and Orcas islands. The 
principal deposits on San Juan Island are at Koche Harbor, where 
the lai^;eet lime works on the Pacific coast are located, and are the 
property of the Tacoma & Roche Harbor Lime Co., whose lime has 
an established reputation because of its purity. The limestone has 
been rendered entirely ctystalline by metamorphism, and any fossils 
whidi it may have contained have been destroyed. It is one of a 
series of metamorphic rocks which have been greatly contorted and 
faulted. Its geologic age has not been accurately determined, but 
it is without doubt older than the Cretaceous roc^ which form the 
bulk of the small neighboring islands a few miles to the north. 

At Koche Harbor the limestone occurs as two large ledges, with s 
strike a little east of north. In outcrop they extend from north to 
south about one-half mile and &om east to west about 1,000 feet. 
The height of the limestone above tidewater averages 200 feet; its 
depth below the ocean level has not been determined. The fact that 
the limestone is much broken and that but little stripping is required 
makes it possible to quarry the stone and deliver it to the crush^' at a 
minimum expense. The quarry at this place has been in operation 
since 1S82, and the manufacture of lime amounts to about 300,000 
barrels per year. The limestone varies but little in composition and is 
very uniform in character. 

Large deposits of facial sediments adjacent to the limestones con- 
tain extensive beds of clays interstratified with sands. Some of the 
clay beds are at least 40 feet thick and have been so thorou^y 
washed as to be uncommonly free from gritty ingredients. In case 
the clays do not afford enough silica for use in cement manufacture 
it may be easily obtained from the quartzites and slates that are 
near at hand as members of the metamorphic series of which the lime- 
stone ia a part. 
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A cement plant built at Roche Harbor could be bo arranged that 
the limestone at least might be transported to the mills by a gravity 
system. The £nal product oould alao be tranaported in the same 
manner to warehouses on the wharf. The harbor is well protected 
and the water is sufficiraiUy deep for ocean-going yeaaels to enter and 
depart at any tide. 

On the northwest shore of Orcas Island several outcrops of lime- 
stone are very similar in character and occurrence to those described 
at Roche Harbor but are of smaller extent. At several points quick- 
lime has been made from time to time and the conditions for cement 
making are favorable. The limestone ledges lie far enough above 
the water level to make a gravity method feasible at all stages of 
cement making from the quarry to the warehouse on the wharf. 
The water is very deep, and large vessels may come very close 
inshore. As at Eoche Harbor the limestone is entirely cr3rBtaIline, 
and with its neighboring metamorpbic rocka has suffOTed extreme 
folding, faulting, and other dislocations. Along the adjacent shores, 
conveniently near the outcrops of limestone, shales and beds of day 
afford materials suitable for cement manufacture. Below are some 
analyses of limestones, ^ales, and clays from this location on Orcas 
Island, made by A, H. Cederbei^- 

AnalfitM o/limetUme, thaU, and (Atufiom Onai Itlatid, WaA. 
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la the vicinity of Kendall, on the line of the Bellingham Bay & 
British Columbia Railroad, a number of deposits of limestone and 
clay afford proper materials for cement manufacture. The outcrops 
of limestone immediately south of the railway do not indicate large 
bodies, but north of the railway, about 3 miles from Kendall, a large 
ledge of this rock presents a vertical face or cliff that may be seen for 
a distance of 2 or 3 miles. The limestone is entirely crystalline and 
all traces of fossils have been eliminated. This limestone, like the 
limestones of San Juan County, is part of an extensive metamorpbic 
series which has been greatly folded and crushed. As a result of the 
breaking up of the original bed of limestone and of extensive erosion 
the rock occurs in fragments and not in one contmuous body. The 
amount of limestone here could be determined readily by means of 
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the diamond drill, and this should be done before a cement pUnt is 
installed. 

A. few miles west of the limestone deposits and along the railroad 
track there are beds of glacial clay, one of which was explored by 
drilling to a depth of 60 feet. The clay is advantageously located 
and may be loaded on cars at a very small cost. 

Ana^llet of limeilone, elag, and date from KmdaU, WaA. 
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Nb. 1 Uld 3 maae by D. W. Rledle, UonUrilliL OrH. 
N<B. a, i <^ nd a nuda br A. H. CMlabc^. 

SNOHouisH ooxmrtY. 

Limestone occurs in a. number of places in the eastern half of 
Snohomish County, but only at a point 3 miles east of Granite Palls, 
on the Northern Padfio Railway, has the rock been quarried to any 
extent. Hiia atone is crystalline and is a member of an extensire 
metamotphic series extending in a broad belt north and south. The 
adjacent ro<^ are chiefly ^ates and schists. A. quany has been 
opened by the side of the railway track, and the stone is loaded 
directly on to the cars. The quarry has been in operation for several 
years, and the principal sales of rock have been made to the smelter 
and paper mill at Everett. A limekiln having a capadty of lOO 
barrets per day is in operatitm. The property is owned by the 
Cai^n Lime and Cement Co. Some investigations have been made 
as to the possibiiitieB for a cement factory, but no active work has yet 
been done. 

The following analyses were made by A. H. Cederberg: 



Atialyie* of limaUme, eakarmu* tlaU, and clay ntar 
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KINO ooinrnr. 



Tbe in«tamorphic rocks occuniiig in Whatcom, Skagit, and Snoho- 
miah counties continue into King County. la the vicinitj of Sno- 
quahnie Pass and at sereral points along the line of the Great Northern 
Railway, notaUy in the region about Baring, outcrops of crystalline 
limestone have been found, but Tery little work has been done looking" 
to the development of any of the deposits, and there is little informa- 
tion at hand concerning them. 

So far as clay is concerned King County is particularly favored. 
Oaya of excellent quality occur abundantly in the western part of 
the county, diiefly in connection with the Tertiary coal measures. 
At Renton, TaTlor, and Eummer thick beds of ahale are found 
interstrattfied with seams of coal. At all these points clay is mined 
for use in the manufacture of ornamental aifd paving bricks, terra 
cotta, sewer p^e, etc. Known deposits of limeetones and clays are 
too widely separated to make the manufacture of cement profitable, 
but further prospecting may reveal the presence of desirable beds of 
clay within or adjacent to the limestone areas. 

OKANOGAN COUNTY. 

In many parts of northern Okanogan County crystalline limestone 
has been discovered in conjunction with slate, metamorphic sand- 
stone, and conglomerate. The latest limestone areas are west and 
northwest of Riverside, where conspicuous cliffs of this rock have an 
areal distribution of several square miles. On the eastern slope of 
Palmer Mountain several bold outcrops of light-gray limestone are 
only partly crystalline. Because of the difficulties in the way of 
transportation and the sparseness of population nothing has been 
done toward utilizing the limestone, but it is safe to assume that the 
neighboring argillaceous rocks could be used with the limestone in 
the manufacture of cement whenever a sufficient demand arises. 

FEEBT OOUNTT. 

The geologic formations of Ferry County are mainly metamorphic 
rocks represented by limestones, slates, and quartzitee, with many 
granite intrusions. Here and there small areas of sandstones and 
shales indicate the existence of lakes in Tertiary times. The laigeet 
limestone area is in the form of a long, narrow belt which extends 
north and south across the country and which lies at the western foot 
of the granite divide separating Columbia and Kettle rivers from the 
streams to the west. A few miles west of Republic, at a laige out- 
crop of a very compact and hard bluish limestone, a limekiln is in 
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operation and a hi^ grade of quicklime is manufactured. Clay and 
impure limestone occur close at hand and may be utilized in cem^t 
manufacture. 
The following anal^^ses were made by A. H. Cederbeig: 

Anatfa o/eryHatHne IvntUow, impure Hnedoiu, andelagfram Fmj/ OownQr, Waak. 
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flXBVBNS OOUKTY. 

Stevens Cotmty contains very laige deposits of materials necessary 
for cement manufacture, the only drawback being the high cost of 
fuel, which is subject to a long transportation charge. The rocks of 
the county are chiefly metamorphic in character, consisting mainly 
of limestone or marble, slate, and quartzite. These have been greatly 
disturbed by folding as well as by intrusions of granite, basalt, and 
other igneous rocks. At most places the limestones are entirely 
crystalline and at several places yield marble of excellent quality. 
The fossils they may have contained have been wholly destroyed 
except near Springdale, where the semicrystalline limestone contains 
coral remains which indicate its Paleozoic, probably Carboniferous, 
age. Thoi^h these rocks are ordinarily known ss Hmestones, many 
of them are really dolomites, and careful field work must be done and 
many analyses made in order to locate the true limestones and deter- 
mine their extent. 



Amls»ai^lmMm»md da)/ from Bot Canton, WaA. 
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In the vicinity of Colville, on the Spokane Falls & Northern Kail- 
way, some limestones occur that are ^ee from magnesium carbonate 
in harmful amounts. One such is 15 miles northeast of Colville, 
whero the Jefferson Marble, Mining & Milling Co. has opened a 
quarry and established marble works. The limestone outcrops cover 
a broad area, and extensive beds of glacial clays are conveniently 
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nMT. The limeetoiw or marble exhibits Tatmy Torieties of colors, 
from dear white through yellow, brown, and dark blue to black. The 
Btone is fine grained and compact. Analyses of two varieties of 
marble, made by Prof. S. Shedd, of Pullman, are as follows: 
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The property of the Keystone Marble Co. liee near the locality 
last described, 8^ miles east of Bossburg, a station on the Spokaae 
Falls & Northern Railway. The marble outcrops over a considerable 
area and presents ample conTeniences for quarrying. The stone 
exhibits great diversity in color, but on the whole approaches a pure 
calcium carbonate, Interstratified with the beds of marble are slates 
and quartzitee. Analyses of two vaiietiee of marble, made by Prof. 
S. Shedd, of Pullman, are as follows: 



Analytei of viMU and gray marbU from guarry «i miUt eatt of Botibwg.Waa. 
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In the vicinity of Byan, a small station on the Spokane Falls & 
Northern Railway, marble outcrops in conspicuous blufb on both, 
sides of Columbia River, in an advantageous position for economical 
quarrying. The marble is fine grained, mostly light gray, and unu- 
sually hard. An analysis made by Frof. S. Shedd, of Pullman, is as 
follows: 

AneUytii of marble fiwn J^ron, Waih. 

Silica (BiO,) 1.00 

Iron and alumina None. 

Linie(CeO,) K.W 

Magnesia (MgO,) 1.60 

Carbon dioxida (CO,) 43.27 

Besides the clay represented in the slates occurring in proximity 
to the limeetonee, there are many places in Stevens County where 
clays exist in large amounts. Some of them are of glacial origin, and 
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others are residual from granites. As a type of the latter the days 
in the vifdnity of Clayton may be mentioiied. Numerous drill hoLes 
show that the day beds cover several thousand acres. There can be 
little question that both limestones and clays may be had in close 
relationship and at points convenient for transportation, so tliat in 
time Stevens County may become an important producer of cement. 

FOBTLAND OBKBST XNnUffTBT OF TASBZHOTON. 

The State of Washington produced nearly 1,000,000 barrels of 
Portland cement in 1911. Three Portland cement plants — thoee of 
the Washington Portland Cement Co. and of the Superior Portland 
Cement Co., both at Concrete, Skagit County, and that of the Inland 
Portland Cement Co. at Metaline Falls, Stevens County — are at pres- 
ent operatii^ in Washington. The first two plants utilize practically 
the same types of raw material, the mixture beii^ made up of a 
metamorpbic, highly crystalline limestone and a recent sedimentary 
clay. Analyses of these raw materials, as used at the plant of the 
Washington Portland Cement Co., are given below: 

t TFiuMnjPbm FtaOamd CanaU Co., 
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Limestone, shale, and clay are utilized at the plant of the Inland 
Portland Cem^it Co. The limestone is reported to contain from 87 
to 91 per cent calcium carbonate, from 3 to 3.5 per cent ma^eeinm 
carbonate, and from 2 to 4.5 per cent alumina, iron oxide, and silica. 
Calcite carrying 97.5 per cent calcium carbonate is available 3 milea 
north of Metaline Falls. Two shales and one terrace clay are also 
available within a few miles of the site. Neither shale alone is satis- 
factory, but an appropriate mixture of the two is reported to effect 
a composition whereby any desired percentage of silica may be 
secured in the finished cement, irrespective of the lime contrait. 
The shale from Sullivan Creek runs rather high in lime carbonate 
and low in silica, and the shale from Sand Creek runs high in silica 
and comparatively low in alumina, iron oxide, and calcimn carbonate. 
Ilieee calcareous shales are in general dark blue or black in color and 
are finely cleavable, the planes of lamination being distinct and close 
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tc^ether. In places greenuh aholee were noted, vMch may be chlo- 
ritic. The Inland Portland Cement Co., of Allentown, Pa,, has 
kindly furnished the followmg analyses made by it of the shales in 
the vicinity of Metaline Falls : 

Analytet of thdUt frtum SuUiwm Creel, UeUUme FaUi, Wiuh. 
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Arujlyett of ihaltt /rom Sand Creek, 5 rnHet tmiA of Utialine F 



Silica <810i) 

Alumina and Iran oxide (AtiOiUid FsiOO. 

Lime i»rboii»ta (C«CO,) 

Haenmla cacbonMs (UgCOi) 

lotion lav 



Oil is used as fuel in the two western plants, and coal is used in 
the plant of the Inland Portland Cement Co., which is in the extreme 
eastern part of the State. 

POBTLAND CEMENT RESOURCES OF WEST VIRGINIA. 

Though West Virginia itself furnishes no lai^ market for Portland 
cenaent, some of its excellent limestones are very advantageously 
situated for making cement for shipment outside the State. Some 
of this advantage lies in proximity to transportation routes, but the 
more important part of it arises from the abundant fuel that is 
available in certain portions of the State. 

FOBTI.Ain> CEKSNT HA,TXBIAI.8. 

DIBTBIBDTIOIf. 

Four geolc^o divisions in West Vii^;inia afford limestones which . 
are worth considering as possible Portland cement materials. (See 
PI. XlX, p. 350.) These divisions, named in descending geologic 
order, are as follows : 

1. Fe>uuylvatuaii("CoalM«i>aureB">lim<etonee. 

2. Greenbrier limestone (Mininippi&n or "Loww Carbomterous" age). 

3. Lewistown Umeelone (Devonian and Silurian age). 

4. OnioviciBJi limwtones (Trenton and Stones River age). 

The Greenbrier and the Ordovician limestones are by far the most 
important so far as the possibihty of their utilizatiou in Portland 
cement manufacture is concerned. 
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PBHH8Tl.TANIAIf 

A number of more or less persistent beds of limeetone are nonnally 
low enough in mAgnesium carbonate to be considered available for 
use as Portland cement materials in the Pennsylvanian of West 
Virginia. Few of them are very pure, commonly ranging only from 
SO to 90 per cent of lime carbonate and 5 to 15 per cent or more of 
silica, alumina, fwd iron oxide. Individual beds are ordinarily not 
very thick and rarely outcrop in such a manner as to admit of cheap 
open quarrying. As against these disadvantages must be set the 
proximity of develo[>ed coal fields, which gives the limestones, when 
considered as possible bases for the establishment of a Portland 
cement industry, advantages which must be carefully weighed. 

The following table contains analyses of a number of Pennsylvanian 
limestones from West Virginia localities: 
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B., Oeolocy nf tbe Vtr^nSn, 1«H, p. MD. 

inuw ijrecEr i HUB iroiD mail- ■'' — - '*' 

.. _,_-e» Creek, Ktatiiba Counly. , ,. 

B. CUAiburx. Idrm, p. 401. 

a, 7. HoundsTlllo Namnra, IJmUet bekiw Wbeeler. Bull. U. B. Oeol. Sum* No. ■, UH, p. IT. 
8,8,10. Twomile Creak, KJUMVbBCauutr. Rogen, W. B., Usyogy of tfaa VirctotM, 1W4, p.US. 
ll.SaatliR<in,U«ooagBll>Couiit]F. Kept. West Virginia OboI. Bin^r. v. ■, UMi P- US. 

GREENBRIEB LIMESTONE. 

The Greenbrier (Mississippian or "Lower Carboniferous*") lime- 
stone covers large areas in West Virginia. (See PI. XIX.) This is 
owing in part to the great thickness of the formation, which reaches 
its maximum development in its type area in Greenbrier County. 
At Manheim, on Cheat River, east of Grafton, this limestone fur- 
nishes the raw material for the only Portland cement plant in West 
Virginia — that of the Buckhom Portland Cement Co. 

Throughout its extent in West Virginia the Greenbrier consists 
almost entirely of very pure nonmagnGsian limestone, though some 
shaly or magnesian beds occur. In the vicinity of Fort Spring, for 
example, the senior writer found that the basal portion of the forma- 
tion was appreciably higher in both silica and magnesium carbonate 
than the upper portion, and that the oolitic beds, which are almost 
uniformly of exceedingly high-grade stone, occur several hundred 
feet above the base of the Limestone. 
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Secause of its thickness, its generally favorable compOBition, and 
its situation with respect to fuel supplies and transportation routes, 
the Greenbrier limestone is a very promising source of Portland 
cement material. 

The following table contains a number of analyses of Greenbrier 
limestone from West Virginia: 

Analytet of GTeeiibrier UmetUme, Wett Virginia. 
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BilttDD, sQBlyst. TwRDtletb Ann. 
, Bull, U. B. Oeol. Surmy No. 37, 



1. HaddlasMn gitury, Snowflake Oreenbiier Caun 
Bept. U. 9. QeoL Survey, pt. S (coDUnOHd), lSM,_p. 480. 

a. Stumn Uountaln, Bandol^ County. E. WUtOc 
1886, p. 74. 

3. Near Red Sulphur Spdnga, Monroe County. Rogen, OflOlogy ol the Vlrglntaa, p. aeO. 

4. Near Uulan, Bumroe Cauuty. Idem, p. 3!)7. 

fi. Two mile) south ol Klo^wood, Preston County. Idem, p. 398. 

e. Uudtly Creek Uountaln, n»r Blua Bulpluir Sprloga. idsm, p. 896. 

T,S. Cheat IUv«r,beloi* Gum Camp Ran, Pieilon County. Iton, p.3B7. 



.. . ...sIdeUwralHlll.HonDMallaCoiinty. 

10. Front rldie, oppoaile Petenburg, Tudier County. Idem, ; 
" ~ it >idBKIei7Monot«lii,Prc8£on County. Idem 



3r County, W. Va. Sample by E. C. Eckel. AluJyiod by Lehigh 



13-IS. Two milea east ol Fort Bpilng, 



County. Bamplfl by E. C. Eckel. AnaJyied by 



lB06,p.SS 
IS, 30. Fruier quarryjFort Siting, Oraenbrler County. Idem, p. KK. 



I. P. Uauiy, analyst. Idem, 



LEWIBTOWN LIMESTONE . 

Owing to the small areas of outcrop of the Lewistown limestone in 
West Virginia, as compared to the areas covered by the Greenbrier 
and Ordovician limestones, the Lewistown is ordinarily of slight 
importance as a possible cement material. At a few places, however, 
its location gives it advantages which render it worthy of serious con- 
sideration. In Mercer and Monroe counties limestone of this age, 
which there is included in the Giles formation, is exposed along the 
lines of the great coal-carrying railroads very near the coal fields, and 
such points are worth examining with care. 

The following table contains a few analj^es of Lewistown limestone 
from points in West Viiginia. Nos. 1 and 2 are of pure Lewistown 
limestone from one of the northern counties, and Nos. 3 and 4 are o£ 
48834°— Bull. 522—13 24 
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limestoDe from the Giles formation in Mercer County. Nos. 3 and 4, 
it may be noted, represent cement rocks much like those of the Lehi^ 
district. The pure limestone needed to mix vith them is found at 
the same locality in the Greenbrier limestone (analysis 12, p. 369). 

Armlyie* of Deixynian and Siltaian UmaUmtt, W«*t Vin/inia. 
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L LewkUnm BatMlonB, Standard Lima Co. qnury, Sayaet, IUubcbI Caim 
Bapt. Wat VHnlB OeoL Surrey, vol. 3, 1W6, <>- 1U- 
2. LewbtoinilbiuslaDe, Keyta qoarry, Ken 
1,4. LlDMStone In Qlka fonnalfini wnt of ( ^_, . „, 

E. C. Eoke),Kii*lTied by Lehlgb Valley Teatlnf Lat>oratory. 
1 llmsaW— "-" " — "- " ■■' 



■'. F. Groat, uuItk. 



Uneatoiw, Patleiwuu Craek, i 



t HampsUrs Funiaae. Quoted I 



ORDOVICUN UME8TONES. 

The only lai^e area of Ordovician limestones in West Vii^inia 
occupies much of Jefferaou and Berkeley counties, in the extreme 
northeastern angle of the State. (See FI. XIX.) Most of the other 
areas are not commercially available, though one belt of Ordovician 
limestone in Mercer Oounty, crossing the lines of the Norfolk & West- 
em Bailway and the Viigiiuan Bailway, may be worthy of consid- 
eration. 

The Ordovician limestones of Jefferson and Berkeley counties are 
a portion of the great Shenandoah group of limestones occupying the 
valley between the Blue Ridge and the Allegheny Mountains. The 
Shenandoah group has been already discussed (see pp. 203-204), and it 
is only necessary to add that in West Viiginia the limestones at the 
top of the Shenandoah group are well developed; that they carry- 
heavy beds of low-magnesia limestones, and that they far outweigh 
in commercial importance, both present and prospective, the re- 
mainder of the group. 

AtM^ftMqfOrdomeianlinuitona, Wett Virginvi. 
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L^ Eeller Lime Co., Engels. F. F. Qnat, analyit. Bopt. Wast Vlrflnla Oeol. Survey, voL 3, lUB, 



t. BokBT Bros. Quairy, IfutinsburE. Idsm, p. 33 

I. Haitlnsbuig LlmestODe Co., M&mjuburg. Idem, p. 33S. 

r. KUne Qutury, Bonkei HIU. Idm, p. m. 
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At present only one Portland cement plant is in operation in West 
Virginia. The plant of the Alpha Portland Cement Co., on Cheat 
River, at Manheim, near Grafton, formerly known as the Buckhom 
tniU, uses Greenbrier limestone, Missiasippian shales, and Quaternary 
clays from deposits on the liyer flats. Analyses' of all these 
materials follow: 
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From inspection of the above analyses it will be seen that the 
necessaty compomtion for the raw cement mix could be obtained in 
several ways. The procedure actuaJly followed is to combine diSo^ 
ent grades of limestone. 

POBTLiND CEMENT RESOURCES OP WISCONSrW. 

POBTLAND OBHENT 3U.TEBUXS. 

OBDOVICIAN AND SILURIAN LIHEBTONB8. 

Although the Ordovician and Silurian deposits in 'Wlsconfflii con- 
tain heavy and widely distributed beds of limestone, the chances for 
obtaining a well-located limestone sufficiently low in magnesia to be 
serviceable seem to be very poor. Of the numerous analyses of 
Wisconsin limestones examined only three show less than 30 per cent 
of magnesium carbonate. So far as known, the only fairiy thick 
and extensive bodies of low-magnesia limestone in Wisconsin occur 
in the lead r^ion in the upper part of the Platteville limestone. 

In the southwestern part of the State a generally thin and rather 
locally developed bed of relatively pure limestone forms the top of 
the Platteville. The "glass rock," as this bed is called, is probably 
better developed at Mineral Point and Platteville, Wis., than any> 
where else in the lead district. At these localities it is filled with a 
highly characteristic fauna of late Stones River age. The rocks 
deposited upon it are the Decorah shale and the Galena dolomite. 

Farther east, as at Beloit, and thence northward to Escanaba, KGch., 
the "glass rock" is not represented in the sections. The "upper 
buff" and "blue," however, occur continuously eaat and north of 
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Janesville and B«Ioit, Wis., but are wanting, at least locally, in liie 
lead region. 
Grant ' has deacribed this particular limestone as follows: 
Tha ' 'glass rock' ' belongs near the top of the Trenton [Plattevitle] limeatone. Ttus 
tarm has been applied to a number of varieties of limesUme in this general htaixoa. 
It may be said that the name ie uaed tor very Sue gnined, compact, and hard beds of 
limestone which occur near the top ot the Trenton [Plattevillel. Thia is about aa 
accurate a general definition of the t«rm as can be given. There is, however, one 
particular phase of this nx:k iriiich m&y be called tha typical glaaa rock and which is 
apparently the rock to which the name was first applied. This is » very fine grained, 
very compact limestone, which breaks with a conchoidal fracture, and which when 
fresh is of a light-brown or chocolate color. On exposure to the air, however, thia 
color changes to a bluish gray. This phase of the glass rock ia found in many places 
throughout the western two-tUrds of the lead and zinc district. It usually occurs in 
thin beds, and in some places, especially at Platteville, is an important building 
material, the normal school building at this place and one of the high school build- 
ings being constructed almost entirely of this rock. The fact that it does not occur 
in thicker beds prevents its universal use as a building stone. Very frequently this 
glass rock is packed full of fossils. It is a comparatively pure limeetone, containing 
only a small amount of magnesia, the chief impuritiee being silica and clay. 
The composition of this rock is shown by the following analyses: 
Analytei of PtatUtrilU Umetlont, Wueonnn. 
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t. Nmt B«aton, on Fem River. Owl. Wlaooniln, vd. 2, an, pp. HO-Ml. 

Z. lUiWrel PoluL ldcm,pp.MO.Ml. 

3. Bilatol, Dm* County, fdam, pp. MO-MI. 

Limestone, shaJe, and loess clay that occur near Dubuque, Iowa, 
and that are possibly suitable for the manufacture of Portland cement 
have already been described (pp- 174-179). As the southwestern 
part of Wisconsin adjoins Dubuque County, and as the same geo- 
logic conditions prevail on both sides of the river, the descriptions of 
the Iowa materials are of interest in this connection. Two geoli^c 
sections of Ordovician rocks in southwest Wisconsin, not heretofore 
given, are as follows: 

Section of Ordovidan /ormatwnt (PlatteeilU to Oatena) tuar Pototi itation, Wu. 

Ft. Id. 

1. Limestone, finegrained, thin bedded (Galena) 12 

2. Shale, including 2 feet 4 inches of intorbedded limestone, total 7 10 

3. LimoBtone, finegrained, thin bedded 3 8 

4. Limestone, even grained, medium bedded 3 

5. Limestone, cryatalliiie, thin bedded 12 

6. Limestone, fine grained, thin, wavy bedded (partly concealed) 18 

> onni, i;.8.,I<eadud[lnodBpcaltaafWlnarab>:BaILWlK)anElnO<QLiiidHat.Hlat.8nrveTNo.B, 
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Section of Ordovtcian formationt {PlatteviBe to Oatena) tuar McCartney, Wit. 

Ft. In, 

1. Luueetone, subcryHt&Uuie, with cuboD&ceoua diale paidngH (Galena) 12 

2. Shale, calcareous, including 6 inches of thim limestone partingB, total 3 6 

3. Shale, blue 2 

Concealed 6 

4. Limestone, bluish, crystalline, thin bedded 6 

Concealed , 10 

6. Limestone, fine grained, thin bedded 7 

Concealed 13 

6. Limestone, heavy bedded, buff to blue, probably magnesian 6 

Analyses of the shale beds, ezclusiTe of the limestone bands, com- 
prising No. 2 of the section at Potosi station and Nos. 2 and 3 at 
McCartney, are published on page 177 of this bulletin.* 

QUATXRNAST SHELL HABL8. 

Wisconsin, like Michigan, Ohio, New York, and other States north 
of the glacial limits, contains many lakes, some of which contain 
deposits of marl. Little attention has yet been paid to these deposits, 
and practically nothii^ can be said as to their occurrence and chaiv 
acter. One noteworthy feature, however, should be borne in mind. 
As already shown, ahnost all the limestone deposits of the State 
are highly mognesian, and as the marls are derived from local lime- 
stones Wisconsin marls probably carry larger percentages of mag- 
nesia than marls occurring in areas of pure limestones. This seems 
to be indicated by the following analysis: 

Anal^Mo/thellmart, Witcormn. 

Silica (SiO.) L48 

Alumina (A1,0,) 1 .g 

Iron oxide (FaaO») i ' 

Lime carbonate (CaCO,) 86, 09 

Magneaium carbonate (MgCO,) 7, 18 

Sulphur trioxide (SO,) 44 

Water L 87 

Organic matter 952 

Sections 17, IS, 19, and 20; town of Pierce, T. 24, R. 26, Kewaunee County. 
G. Bode, analyst. Geology of Wisconsin, vol. 2, 1877, p. 239. 

POBTI.AND CEMENT RESOT7RCBS OP WYOMING. 

Limestones are extensively distributed throughout Wyoming, but 
little attention has yet been pud to their economic value. The first 
detailed discussion of the cement possibilities of the State was pub- 
lished in 1907 by S, H. Ball,' who made a very careful examination 
of two groups of Umestone and shale areas tributary, respectively, to 

'BnBlioOrut,IT.8.,(UK]fiar<!bard, B. p., Lucaiter-IUiiera] Polat Imla (No. 140) Owd. AtluD.B., 

U.B. OcoL Surrey, lUTT, pp. 4-fi. 

■ Ball, S. n., Pcrtlud cement materials In eutem Wfomlng: Bull. D. S. Oeol. Survey No. SIE, 1907, 
pp. 233-144. 
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Newcastle and Cheyenne. His reeultfi, which are distinctly inter- 
esting, may be summarized best by presenting tables of analyses of 
the limestones and shales and notii^ the most important features of 
each. 

AnalyMio/limatona, Wyommg. 
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Of the above limestones the first three are from the Newcastle 
district and the others from the vicinity of Cheyenne. The interest- 
ing "cement rock" shown in analysis 1 was found 2) miles south- 
east of Newcastle in an outcrop 40 feet thick, which Ball states 
could probably be worked with a steam shovel. Nos. 2 and 3 are 
purer limestones from about 6 miles southeast of Newcastle, where 
a 40-foot bed covers a large area of outcrt^. Noe. 4 and 6 are from 
Iron Mountain, 40 miles from Cheyenne. No. 4 is exposed to a thick- 
ness of 60 feat or more and is a thin-bedded, readily quarried rock. 
No. 5 is harder and less satisfactorily situated and is about 40 feet 
thick. All the analyses represent the average of a series of sam- 
ples taken across the full thickness of the beds. 

As regards shales, the followii^; analyses cover the ground of the 
report: 

AnatsKi o/thaUt, Wyoming. 



SDIcarSlOO 

A]ainliiB(AkOi) 

rarie oxide <Fei0t). . . 
Un»CC«0d 

SrS!*.':::::: 

Pat^(KtO) 

SulpliDt Crtoiidn (BO^, 



The first five of the above analyses are of shales from near New- 
castle; Nos. 6 and 7 are from the Cheyenne district. Nos. 2, 4, and 5 
are unusually low in iron. No. 3, which is by far the most satisfactory 
of the Newcastle analyses, was taken from a 40-foot outcrop located 
2J miles southeast of Newcastle. The two Cheyenne samples would 
be good enoi^h for mixture with ordinary limestones, but the lime- 
stones of the Cheyenne district are of somewhat uncommon character 
and would apparently reqiure the addition of a highly ferruginous shale. 

The two regions have very unequal possibilities aa cement pro- 
ducers. The tlu^e limestones of the Newcastle district can be 
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bandied together, like a Lehigh Valley mix, without adding of shale. 
The two limestones of the Cheyenne district are highly siliceous and of 
doubtful value. Added to this is a fuel advantage for Newcastle, 
for there coal can be obtained from the mines at Cambria, only 8 
miles away, whereas coal at the Cheyenne locaUties would cost $4.50 
to $5.50 per ton. 

The followii^ analyses of limestones from Wyoming may also 
prove serviceable: 

ATuUyHt of limettonei, Wyoming." 
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BIBUO GRAPHT. 

By E. F. BuBCHAOD. 

For the convenience of the reader a summary of papers on cement 
materials, cement, and concrete, published by the United States 
Geological Survey, by other Government bureaus, by State geologi- 
cal surveys, and by certain nonofficial organizations is given below, 
although some of these papers have been mentioned in the bibhog- 
raphies of cement materials by States. 

FUBUCATIONS BT THE ITHITED STATES GEOLOaiOAL S'lrBVET. 

The following list sununarizea the principal publications on cement 
and concrete materials by the United States Geological Survey. 
These Survey publications, except those to which a price ia affixed, 
can be obtained free by applying to the Director, United States 
Geological Survey, Washington, D. C. The priced publications may 
be purchased from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. PubUcations of which the edition 
is exhausted can not be obtained even from the Superintendent of 
Documents, though they can be consulted at most public libraries. 
The Survey does not distribute any other than its own pubUcations. 
Adaub, Q. I., and others, Stratigraphy and paleontology of the upper Carboniferous 

rocks of the Kausaa section: Bull. 211, 1903, 123 pp. 20c. 
Economic geology <A the lola quadrangle, Eansaa: Bull. 238, 1904, 80 pp. 
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Ball, S. H., PorOaiid cement matwiaLi in eutecn Wyoming; BulL 315, 1907, i^. 

233-244. 50c. 
Bassler, R. S., Cement materials <a the VaUey (d Viigiiua: Bull. 260, 1905. pp. 

531-M4. 40c. 
Bast™, E. S., The lime industry of Knox County, Me.: Bull. 285, 1906, pp. 393-400. 

Edition ezhau0t«d. 
ClayH of the Penohecot Bay region, Maine: Bull. 286, 1908, i»p. ■428-431. 

Edition exhausted. 
Brannsr, J. C, Clays of Arkanaae: Bull. 351, 1908, 247 pp. 
BiTKCEAED, £. F., Portland cement materials near Dubuque, Iowa: Bull. 315, 1907, 

pp. 225-231, 60c. 
Concref* materials produced in the Chicago district: Bull. 340, 1006, pp. 

383-.410. 30c. 
Structural materials available in the vicinity of Austin, Tex,; BuU. 430, 1910, 

pp. 292-316. 

Cement: Mineral Beeources U. S. for 1910, pt. 2, 1911, pp. 69-535. 75c. 

Cement: Mineral Resourcea U. 8. fw 1911, pt. 2, 1912, pp. 485-619. 

Catlbtt, C, Cement resources of the VaUey of Viiginia: Bull. 225, 190*, pp. 457-461. 

35c. 
Clapp, F. O., Limestones of southwestern Pennsylvania: Bull. 249, 1905, 52 pp. 
CRinsR, A. F., Cement reeourcee of northeast MisiM^i: Bull. 260, 1905, pp. 510- 

621. 40c. 

Geology and mineral reeouices of Mississippi: Bull, 283, 1906, 90 pp. 

Darton, N. H., Geology and water resources of the northern porticm of the Black 

Hills and adjoining r^ions in South Dakota and Wyoming: Prof. Paper 65, 1909, 

104 pp. 
Structural materials in parts of Oregon and Washington: Bull. 387, 1909, 

36 pp. 
Cement materials in Republican VaUey, Nebraska: Bull. 430, 1910, pp. 

381-387. 
and SiEBBNTHAL, C. E., Geology and mineral reeources of the I^ramie Baain, 

Wyoming: Bull, 364, 1908, 81 pp. 
Ddrybe, E., Tests of cement materials from Gila River, Arisona: Water-Supply 

Paper 33, 1900, pp. 82-90. 16c. 

Cement investigations in Aiizoas^: Bull. 213, 1903, pp. 372-380. 25c. 

Ecebl, E. C, The materials and manufacture of Portland cement: Senate Doc. 19, 

58th Cong., iBteesB,, 1903, pp, S-11. 
Cement-rock deposits of the Lehigh district: Bull. 226, 1904, pp. 448-450. 

35c. 
Cement materials and cement industries of the United States: Bull. 243, 1905, 

395 pp. Edition exhausted. 

The American cement industry: Bull. 260, 1906, pp. 496-606, 40c. 

— Portland cement resouTcea of New York: Bull. 260, 1905, pp. 622^-630. 40c. 

Cement resources of the Cumberland Gi^ district, Tennessee-Virginia: Bull. 

285, 1906, pp, 374-376, Edition exhausted. 

Cement: Mineral Resources U. S. for 1908, pt. 2, 1909, pp. 441-453. 80c. 

and Cridbr, a. F., Geology and cement reeources of the Tombigbee River 

district, Mississippi-Alabama: Senate Doc. 165, 68th Cong,, 3d seas,, 1906, 21 pp. 
Fennbuan, N. M., Geology and mineral rceouicM of the St. Louis quadrangle, 

Missouri- Illinois: Bull. 438, 1911, 73 pp. 
Humphrey. R. L., The eSects ot the San Francisco earthquake and fire on various 

structures and structural materials: Bull. 324, 1907, pp. 14^-61. 50c. 
Organiiation, equipmnnt, and operation of the structural-materials teBting 

laboratories at St. Louis, Mo.: Bull. 329, 1908, 85 pp. 20c 
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HuK^SBBT, R. L., Portland cement mortaiH and their constituent materials: Results 

of teats, 1905 to 1907: Bull. S31, 1908, 130 pp. 25c. 
The strength of concrete beams ; reeulta of teste made at the Btcuctuial-materials 

testing laboratories: Bull. 944, 1008, 59 pp. 10c. 
The fire-reeiative properties of various building materials: Bull. 370, 1909, 09 

pp. 30c. 
I.u<i>B8, H., CementiesouTces of Washington: Bull. 285, 1906, pp. 377-383. Edition 

exhausted. 
LiPFiNcoTT, J. B., Manufacture of Portland cement in southern Calitc^iua: V&Us- 

Supply Paper 60, 1902, pp. 135-137. 15c. 
Uarttk, G. C, The Niobrara lim.eetone of northern Colorado as a possible source of 

Portland cement material: Bull. 380, 1909, pp. 314-326. 
Pkppbrbbbo, L. J., Cement material near Havre, Mont.: Bull. 880, 1909, pp. 827- 

336. 
BicBARnaoN, Q. B., Portland cement materials neat El Paso, Tex.: Bull. 340, 1908, 

pp. 411-414. 30c. 
Rtes, Heinricb, Oaya of Illinois: Prof. Paper II, 1903, pp. 94-07. 40c. 
RtJSBBLL, I. C, The Portland cement industry in Michigan: Twenty-second Aim. 

Kept., pt 3, IMQ, pp. 620-686. t2. 
BcHRADBR, F. C Geoli%7 of the Independence (Eans.) folio (No. 159), Geot. Atlas 

U.S., 1907. 25c. 
andHAVORTH, E.,Econoniicgeol(^!7 of the Independencequadrangle, Kansas: 

Bull. 296, 1906, 74 pp. 
Seweli., J. S., The eSecte of the San Francisco earthquake on buildings, engineering 

structures, and structural materials: Bull. 324, 1907, pp. 62-130. 50c. 
SiBBENTHAi., C. E., TheBedfordooliticlimefltone(Indiana): NineteenthAiiU.Bept., 

pt. 6, continued, 1898, pp. 292-296. 
SurrB, E. A., The Portland cementmaterials of centiaIandsouthernAlaba]na:Senate 

I>oc. 19, 58th Cong., Istsess., 1903, pp. 12-23. 

Cement reeourcee of Alabama: Bull. 225, 1904, pp. 424-447. 35c. 

Taff, J. A., Chalk of Bouthwestem Arkansas, with notes on its adaptability to the 

manufacture of hydraulic cemente: Twenty-second Ann. Kept., pt. 3, 1902, pp. 

687-742. 92. 
Udden, /, A., Oolitic limestone industry at Bedford and Bloomington, Ind.: Bull. 

430, 1910, pp. 335-345. 

FUBUCATIONS BT MIBCEIJ.ANliOtrS OOVESHMEirr BUBEAUS. 

Cox, Alvin J., Volcanic tuS as a construction and a cement material: Philippine 
Jour. Sci., Bureau 8ci., Manila, P. I., November, 1908, pp. 391-406. 

Philippine raw cement materials: Philippine Jour. Sci., Bureau Sci., Manila, 

P. I., May, 1909, pp. 211-229. 

HuKPHBEY, R. L., and LossB, L. H., The strength of reenforced-coucrete beams — 
results of 333 beams: Tech. Paper Bur. Standards No. 2, 1912, 200 pp. 

Oftice of Public Roads, The construction of concrete fence poets: Farmers' Bull. 
No. 403, U. S. Dept. Agr., 1910, 31 pp. 

Use of concrete on the farm: Farmers' Bull, No, 461, U. S. Dept. Agr., 1911, 

23 pp. 

Page, L. W., Oil-mixed Portland cement concrete: Bull. Office Pub. Roads No. 46, 
U. S. Dept. Agr., 1912, 28 pp. 

RsiBLiHa, W. C, and Rbteb, F. D., Physical and chemical properties of Portland 
cement: Philippine Jour. Sci., Bureau Sci., Manila, P. I., December, 1910, pp. 
867-4^7, June, 1911, pp. 207-251. 

UNrrED States Government, Specification for Portland cement: Circ. Bur. Stand- 
ards No. 33, 1912, 28 pp. 
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Wra, R. I., The effect of high-preamire ste*m oa the cruahing OKJiglh of Foitlftnd 

cement mortar and concrete: Tech. Paper Bur. StMuUrds No. 5, lftl2, 25 pp. 
Wio, R. J., and Batks, P. H., TeeU of the abaorptive and pwmeable pn>p«»rties of 
PoiHam] cement mortais and concretes, together with tests of damp-prooGng and 
wMerpiooGng compounds and materials: Tech. Paper Bur. Standards No. 3, 
1912, 127 pp. 
WoBHLET, P. L., jr., Cement mcvtan and concrete — preparation and use for farm 
purposes. Farmen' Bull. No. 235, U. 3. Dept. Agr., 1905, 32 pp. 

FtTBLIOATIONS BT STATE OBOLOOIOAL SUBVETS. 
Investigations of cement materials have been made by certain of the 
State geological Burveys, and many detailed reports have been pub- 
lished on important local deposits. The surveys of the following 
States have made special studies of local cement resources : Alabama, 
Arkansas, California, Georgia, Illinois, Indiana, Iowa, Maryland, 
Michigan, Mississippi, Missouri, Kew Jersey, New York, North 
Dakota, Ohio, Oklahoma, South Dakota, Vermont, Virginia, Wash- 
ington, and West Virginia. Certain other States have done a little 
work on their cement materials. 

The most important of the State reports are listed below: 
Alabama: Smith, E. A., and Ribs, Hbinbich, PteliminaiT' report on the days of 
Alabama: Bull. Alabama Geol. Survejr No. 6, 1900, 220 pp. 
Shith, E. a., and Eckel, E. C, Tbe cement resources of Alabama, and the 
mat^als and manufacture of Portland cement: Bull. Alabama Geol. Survey 
No. 8, 1904, 93 pp. 
AAaaaaa: Bkannbr, J. C, On the manufacture of Portland cement: Ann. R«^t. 
ArkanssB Gool. Survey for 1888, vol. 2, pp. 291-302. 
HoPKiNB, T. C., Marbles and otherlimestones (of Arkansas): Ann. Rept. Arkansas 
Oeol. Survey for 1890, 1893, vol. 4, 443 pp. 
OaUfomla: Acburt, Lewis E., The structural and industrial materials of Cali- 
fornia: Bull. California State Min. Bur. No. 38, 190fi, pp. 171-189. 
a«orgia: Ladd, 0. E., Clays of Geoigia: Bull. GeoiKia Oeol. Survey No. 6, 1898, 
204 pp. 
Uatnard, T. Poolb, Limestones and cement materials of North Geoisia: Bull. 

Georgia Geol. Survey No. 27, 1912, 293 pp. 
UcCalue, S. W., Marbles of Georgia: Bull. Georgia Geol. Survey No. 1, 2d ed., 
1907, 12S pp. 
niinoia: Bobchakd, E. F., Concrete materials produced in the Chicago district: 
Bull. Illinois Geol. Survey No. 8, 1907, pp. 345-372. 
Cadt, O. H., Cement-making materials in the vicinity of La Salle: Bull. 

niinois Geol. Survey No. 8, 1907, pp. 127-134. 
Bledhnbeb, a. v.. Lines, E. F., and Latuan, F. E., Portland cement resources 
of niinoia: Bull. Illinoia Geol. Survey No. 17, 1912. 
Indiana: Blatchut, W. S., and Ashlzt, G. H., Portland cement; The lakes of 
northern Indiana and their associated marl deposits; Oolit« and oolitic stone 
for Portland cement manufacture: Twenty-fifth Ann. Rept. Indiana Dept. 
Geology and Nat. Rea., 1901, pp. 1-330. 
BnATCBLsr, W. S., Oolite and oolitic atone for Pwtland cement manufacture: 
Twenty-fifth Ann. Rept. Indiana Dept. Geology and Nat. Res., 1801, pp. 
323-330. 
HoPEiKB, T. C, and Siebenthal, C. E., The Bedford white limestone of Indiana: 
Twenty-fiiat Ann. Rept. Indiana Dept. Geology and Nat. Res., 1897, pp. 
291-427. 
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Iowa: EoKZL, C. E., Mid Bun, H. F., Cooent uid cement tn&terialB of Iowa: lowft 
Geol. Survey, vol. 16, 1904, pp. 3i-lM. 
Bktkr, S- W., Supplementaiy Teport on Piotland cement mateiiale in Iowa: 

Bull. Iowa Qeol. Survey No. 3, 1906, 36 pp. 
Bbtbb, S. W., and Willujis, I. A., The mateiiala and manuiactuie oE Portland 
cement: Iowa Geol. Survey, vol. 17, 190C, pp. 29-89. 
"Kxaimtm: Hawobth, £., Mineial raaouicea of KaiwM, 1897. 
Xlentac^: Qardhxb, J. H., BepoctofpngieBBfor 1904-05: Kentucky Qeol. Survey, 

1906, pp. 13-20. 
Kazylaud: Rise, HaiNBiOH.BeportontliecIayBofMaryland: Repta. Maryland Geol. 
Survey, vol. 4, 1902, pp. 203-606. 
Martin, G. C, Geology and minenl resources of Garrett County, Md.: Repta. 

Maryland Geol. Survey, GarreU County, 1902, pp. 65-229. 
O'Harua, C. C, and othen. Geology and minenJ TeBOtucea of Allegany County: 

ReptB. Maryland G«ol. Survey, Allegany County, 1900, pp. 67-192. 
Mathrws, E. B., and Qrasty, J. S., The limeetones of bbryland with special 
reference to their use in the manufacture of lime and cement: Mar^and GetJ. 
Survey, vol. 6, pt. 3, 1910, pp. 22S-4S4, 14 pi., map. 
■M<..ti4yin- RiBB, Heinrich, Clays and shales of Hictugan: Michigan Oeol. Survey, 
vol. 8, pt. 1, 1900, pp. 1-67. 
Latbbdrt, B.B., The development of marl and clay pnq>arti08 for the manufac- 
ture of Portland cement: Michigan Geol, Survey, vol. 8, pt. 3, 1003, pp. 191-198. 
Hali, D. ]., and others, Marl (bog lime) and ita application to the manufacture 
of Portland cement: Michigan Oeol. Survey, vol. 8, pt. 3, 1903, 386 pp. 
'"'*— '— 'rr*' Cridrr, a. F., Cement and Portland cement materials of UiaeiaBippi: 

Bull. Miflsisnppi Stal« Geol. Survey No. 1, 1907. 
ICbboutI: Bdrhler, A. E., Lime and cement reaouices of Minouri: Miasuuri Qeol. 

Survey, vol. 6, 2d ser., 1907, 265 pp. 
New Jersegr: KthtusL, H. B., Report cm Portland cement industry: Ann. Rept. 
New Jersey G«ol. Survey for year 1900, pp. 9-101. 
KttMiiEL, H. B., The chemical comptaitiMi of the white cryatalline limestonefl 
of Suasez and Wairen Counties: Ann. Rept. New Jersey State Qeologiat tar 
1906, pp. 173-192. 
Rue, HtiNRiOH, and others, The clayg and clay industry of New Jereey: Final 
Rept. New Jersey Stat« Geologist, vol. 6, 1904, 548 pp. 
New York: Rirb, Hrinucs, Claya of New York: Bull. New York State Mua. No, 
36, 1900, 456 pp. 
EczxL, E. C, The quarry Industry in southeaatem New York: Twentieth Ann. 

Rept. New York State Mua., 1902, pp. 141-176. 
Ribs, Heinbicb, Lime and cement industries of New York: Bull. New Yatk 
State Mus. No. 44, 1903, pp. 640-848. 
North Bakota; Babrt, J. Q., and MBLsnn, V. J., Geology of northeastern North 
Dakota, with special reference to cement materials: Fifth Bien. Rept. North 
Dakota Geol. Survey, 1908, pp. 116-226. 
Ohio: BLBiKiNaBB, A. V., Manufacture of hydraulic cementa: Bull. Ohio Geol. Sur- 
vey No. 3, 4th ser., 1904. 
Orton, E., jr., and Fbfpbl,S.T., The limestone resources and the lime industry 
in Ohio: Bull. Ohio Geol. Survey No. 4, 4th Ber.,1906. 
Oldahoma: Gould, C. N., Nblbon, GAVLORn, and others. Structural materials in 

Oklahoma: Bull. Oklahoma Qeol. Survey No. 6, 1911. 
South Dakota: Todd, J. E., Cements and clays; Mineral resources of South Dakota: 
Bull. South Dakota Geol. Survey No. 3, 1902, pp. 98-109. 
O'Habsa, C. C, and others. The cement resources of the Black Hills: Bull. 8, 
South Dakota School of Mines, 1908, 56 pp. 
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Twnn— iw; Gordon, C. H., Cement reamucea and pooBibilitiee in Teuwew^; 

ReamuceB of Tenneotee, vol. 1, No. 2: Tenneosee SUte Geol. Survey, AoguM. I 

1911, p. 68. ! 

Vltginto.: Babslbb, R. 8., and Eoxkl, E. C, Cement ro«niK»B of Virginia weat of 

the Blue Ridge: Bull. iniginiaOeol. SorveyNo. II-A, 1909,309 pp. ' 

Wuhlng-ton: Shxdd, Solon, Glaye of Wadiingbm: Bull. Sbtte Coll. Wariuneton, 

1910, S39 pp. ! 

Wast VlrginU: Gukhut, O. P., Cement indnabr and cement Teeouicea in West 

ViiKinia: West Vuginia Qeol. fiurvey, vol. 3, 1906, pp. 423-666. 

NONOFFIOIAI. PUBXJOATIONS. 

By organizations. — Series of monthly and special bulletins of the 
Association of American Portland Cement Manufacturers: Percy H. 
Wilson, secretary, Land Title Building, Philadelphia, Pa. 

Series of Annual Proceedings of the National Association of Cement 
Users: Richard L. Pumphr^, president, Harrison Building, I^iila- 
delphia, Pa. 

Miscellaneous articles. — ^Hundreds of articles have been published 
on cement, covering a wide range of special subjects, such as the indus- 
try at home and abroad, effect of alkalies and sea water, machinerr, 
numufacturiog, materials, mills, new problems, testing, et«., and on 
concrete aggregates, blocks and tile, constraotion and practice, use 
in mines, roads, sea water, absorption and permeability, testing, and 
waterproofing. The following are a Very few of the more interesting 
and valuable papers that have appeared recently either in papers 
devoted wholly to cement and concrete, in general engineering papers, 
or in the publications of engineering societies: 
Bates, P. H., Review of the preeent stAtiu of iron-ore cement; Adv. Paper Nat. 

Assoc. Cement Usera, March, 1S12. 
Brown, H. E., Marine or iron-cre cements; Adv. Paper Nat. Aasoc. Cemeot Users, 

March, 1912. 
Cbhbnt Aok, The addition of alag to Portland cement. October, 1911, pp. 144-145. 

The present Btetus of fron-ore cementa. April, 1912, pp. 194-196. 

EcEBL, B. C, Feirite cements and ferro-PorUanda: Eng. News, Angnst 3, 1911, 

pp. 157-158. 
Edwards, G. E., Concrete shaft work in mineei Min. World, March 11, 1911, p. 535. 
Fat, a E., Shaft of Delzoit Bait Co.: Eng. and Min. Jour., March 18, 1911, pp. 

565-569. 
GoLDBBCK, A. T., The ezpanmon and contiaction of concrete while hardening: Proc. 

Am. Soc. Testing Materials, 1911, pp. 563-571. 
Haqak, Edw. H., The utilization of blast-fumace waste: Cement, Hay 19, 1911, 

pp. 1-5; Iron Age, June 8, 1911, p. 1397; Canadian Eag., June 15, 1911, p. 843; 

Min. Sci., July 13, 1911, p. 36; Min. and Eng. Wwld, July 15, 1911, p. 105; Met. 

and Chem. Eng., August, 1911, p. 407; Eng. Rec., August 5, 1911, p. 167. 
Harrison, A. H., The waterproofing of tunnels: Cement, March, 1911, pp. 431-434. 
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dbtrlbutkm and chancier of 73,1M,24S 

UsKiari, mnwDt In, production of 37-38,282 

oament industry In 382-383 

cemBDt material In / 08,246-281 

days and ihalea Dl 348-261 

■nolyxBoI 348.280,281 

godoelc map tt 3W 

Umeglmnial 68.347-281 

uialymtd 247.380,381,383 

Ulaouii group, analyib of 172 

dttlrlbuUoa and character of 171-172 

ncUonol 171-172 
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dlstrlbutliHi and chartKtter ol 373-376 

IfobawkValley, N. Y.,llmMl<™(rf. 274 

UoUne, Kaiu., Untastone at, analyihor. Iffl 

Ifoniowii, Fa., P«tlandceDMiit[lautat.... 317 
Honra CoiHn, N. ]., linwnooeat, aDalyna 

o( 284, 2)0 

Ktmnia Coanty, Kb*., lltnectoiw of. 333 

>IoutBgUB,N.J.,UmestaDsat,(uialyieial.. 303,270 
Uont Alto, Fa., UmcjtDneat, analysis oC... 311 

MontMia, coiaenl In, produotlim ol 37-38 

oamant lodmlry In 287 

eamaul malarial In 88,383-388 

daya aiMl ihales of, analy» of. 3M 

UmMlonoiof 3S3'384 

analymof 283-386 

UoolabiUo Narrows, Pa., Umaitiaiaat, aoily^ 
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, analysia ol. . . . 133 

analysla<tf..... 3Sft 

csmmtat, maurlaliKir.anaiynacf. 3SS 

oemanl matlnn at 387-388 

marl at, analysis of 333 

lloonl«ks, Ind., mailof, ualyaliiil I87 

Itan^aWmt, W. Va., Umanono at, analyril 

of 330 

llafTlKn,Calo.,lIiiM*tanaat,aiialj>bof. W 

analyMSof 211 

at. 3M 

Narrows, W. Va., Umastone at, 

analyslaol. MS 

Uoont Btna Fuiii«M,Pa., Umaatone at, 

analydiA m 

Uomit Holly, PB.,llmutooaat, analyslaof.. 311 
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aoalyilaot »67 
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If aunt SavacB, K7., UnuatoDe at, analytfi ol. 191 
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Ifoddy Cieek Kountaln, W 

on, analysla of. .300 

Mud Lake, Ind., marl ol.aiMlysta of 187 

Vunilord, N. Y.. marl at, analysis ol 283 
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Character of SB 
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Naco IlmatoQe, analysli of 01 
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Natural cement, analysis of 21 
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prices of, chart showing. 34 
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HUITOO, Dl., 1 
Nuarelh, Pa., FonlBud oement planta St. 
Muveth PatUand Cement Co., idmt of... 
Nebrwkk, oemant Indostry In 

It Dutcrlal In 

■udabllMoL.. 




NvwacD, MiGb., PortlBDd ce 
NewBgo Portland Cement Ct 

Newbeni.N. C.,lli 

msria near, uuilyKe ol. 

Nnr BrcHuon Partlaud Cement Co., i: 



New Cuilsle, Ohio, llmestona at, analyms of. 
Ngwcastto, Colo., Porttand-oenwDt plul (t. . . 

Newcailla, Pa., llDMStone at, anal;sli of 

Portland fmnmt plant at 

Newwtto, Wyn., oameot maMrlali nw, 



Nmnastle Portland Oement Co. (Colo.), 

Nov Caitlt Portland C«mn>t Co. (Fa.), mate- 
rials tf. 



>t,anal^laot. Xt 
Ne«Jenier,<«nmtln,lilbtlogni>fa7o(..... m-371 
cement In, production o( 37-38,270 



dayt and ihalea oL .. . 
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i»,aeo-25!,*i7-2;D 
. 2B3-»Mg7-sn 



Newman linustoiw, bobIjMs at..,. 

dJitribution and (diaiaolir of. . 

New Ueilco, cement m 

New Rlehmood, C 



n.N.J., 

a63,aw,»H,2TD 
New VlUage, N. J., PortltDd-crauDt plantat. 270 
New Wtndaor, Ud., Ilmeatme at, aoalTsla at. . xt 
New York, cement In.analysa of. 18S-28a, 

Mmant In, bibUography <tf. SSS 

mof. 37-38,18) 



.... 00,271 
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t»lo( «8,17J 
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timaatonea of, analyaa of 

Nlobcwm UnMatoDe, analyaesoT 13 
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Nortb Adams, IfoB.ilinustaie at, analyiiaaf. KV 
Ncrtlianipton, Va,, Portlaad aunent plaotat. 317 
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oiinent matarial [n ei),29B-3a2 



eaof 2ZI,3C0 



OkuHginCaiuitr, Wiih.,«iDeDtniatar(iilD[ 3C3 
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Stt atto UartlnsbUTg shale. 
ORgon, cemmit In, analysla oF. 
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Oriakanr Fall^ N. Y., I 

■la or 

OrhiwI, Pa., Portland cement plant at 31 

Oroorande, CaI.,oBmiuitptant»t IS 

Ouft group, analyna oF l( 

dbbrrbutlonandcbaracterirf ItJ-K 
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OiUooaa, Iowa, Umntooe at, analfBtaat. . . 
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dbtrlbntkm and chancier of. 73.183- 
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PkRa shale, dlstrJbatloD and chsrscUir a 
PlDCkney, If Ich., clay near, analysis of. . . 
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Plqaa, Ohio, limestone at, analyslsof.... 
PlqoB Umeslona. £h Stanton Umestcne 
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Pitkin U -. - - 
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Flaoti, locstkHi or 
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FliinuiinL«k^l([Gti.,invlBt,BiBlriliol... 214 
FtdntPleuant, Ohla,lliiitit(iii>at,aiialTBliaf 300 
PolkBaroD, AA.,lliiuata)eat,ui*lTM>aI.. M, 
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rol«l,Wli.,nolkniMar. t73 
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or. 3K 

Rodman Furuaoe, Pa.,lliiuatoiwal, analjil) 
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Hmeatone at, analrifaof 3H 
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SaltUlo, Pa., llmnlona at, analysis of 311 

Salt Lake City, Utah, Umaatone at, analyaea 
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Portland eemaut plant at. 34B 
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analyaeaof 81,338,343 
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Umcelraiea of , analyaea of 118 

San Cwloi, Aria., Ihneatons at, analyaea of.. . 91 

Sand Creek, Wash., UmeMona at. 38ft-3e7 

llmealaneat, analyalaof 387 
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UmcBtoDta of, analyals of. 117 
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181 
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nutsUaof. SOB 

>ment Co. (Pa.), nw 
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aeaot 117 
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San Joan Cconty, VastL, oamant mattriali 

In 38(^^81 
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SaDtaC^iuCoanty,Cal.,oemeDt material at.. IIS 
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Santa Cnu Portland Cement Co., cement ot, 

analyala of. 133 
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■nalysce of 133 
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SootURuu, W. Va.,llmHtoiM(ni,an&];iilaaf. 368 
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PcMlmd cement pluit St 20G 

aecurltyCemeatAUineCo.,mftt(iil*liD[.. 20&-2oe 
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BerUlB, Flk.,lLmisl<Hiaat.aiimlrilsar. 

Stialea. 8k Clsyi and Bhaln. 

Bhkle (or clsy) md llToeatoiw, producllon 
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SbeUj, analyiia of 
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Sbllob, N. J., limfstona ai, anaifaa of 170 

Stiuquilik, U>n., llnHstflDeBt 2» 

llmfBtoue at, analTsMof Z2> 

Biegfiled, Pa., Portland cement ptuit M. . . 317 
SUicainllnMitillla.etlectot. 411 

occuirenceof 4S-t6 

SHiuiBD linualiHiai, analyKH of 2B7,ltg 

dbtTlbuCkniuidcliancterar 167-268,333 

BUveidaJe, Kam., llmeatoDetl, analysis of.. 184 

BllTai Lake, Ind., marl ot, analysis ot 1&7 

BkMizFcak, irtBb,lliiKsloneat,aiialy3bof.. 348 
SlaUa, analyMS ol ST 

iiUureof M-f7 

Sllgo Fiunaoe, Fa., linwetoce at, analysis of. 
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York 
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Smiths Basin, N.Y.,llr 
Snake Rlvn, Idaho, tin 



10 



South Carolina. M 



South Chloto, IIL, PorUuid 
South Dakota. oeoKnt I 
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South RaDdoat,N.Y.,c 
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Boulh Tbomaatm, Halne, UmotooBat, analy- 
sis of -- 
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Spring Kills, Hd., UmeRaK at, an 
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BprlngrlUe, Ala., UnHBtoiM MV. 



BUndard Portland Cemeot Co. (C>1.), 
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distribution and cbariftor ot 1S3 
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SlaTeasCoDnty,WaBli.,oeaMDtinalarlaliotM 



alano County . Cal., traTertlne ol 
traTerline of, analyais of. 

oooma County, Cal., Ibncatonn 
IIukbUdm ot, analysla of 
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Stockbridge, KiBh., day ntar, analysM ol 
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